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INTRODUCTION MlD STATEMENT OF PURPOSE 
Nearly every conscientious engineering student 
will subject his college courses to an occasional crit-
ical analysis in an effort to assure himself that the 
studies he is pursuing will be a valuable aid to him 
in future practice. Poss1bly this skeptical attitude 
is accentuated by published letters of graduate mining 
engineers who decry the courses or mining schools in 
general and clamor tor more practicability and higher 
specialization. Pure science as it is taught may at 
times seem to be very remote from any possible practical 
application. Mathematic~ may appear to be highly 
abstract. It seems quite logical that the degree of 
enthusia~m with which a student will apply himself will 
be considerably dependent upon the conviction he acquires 
concerning the practical value of his studies. It is 
the purpose or this thesis, therefore, to otter concrete 
evidence that a thorough and fundamental training in 
pure and applied sciences, mathematics, English, and 
drawing is indispensable to the practicing mining engi-
neer. 
To be sure, a cursory exanination of a good mining 
textbook or handbook might acquaint any prospective 
1. 
engineer with the wide range of problems and tasks 
which are peculiar to that branch ot serTice. Al-
though these eources are aTailable, they do not appar-
ently completely conTince the ~tudent engineer that 
all of his work is essential. However, just as a ship's 
log reveals the course and events ot a voyage, so also 
might a collection of field notes, drawings, reports, 
assignments, and problems selected trom the "log" or a 
typical mining engineering department over a period or 
a few years acquaint the reader not only with the scope 
ot functions delegated to that department, but also 
with the range of science and mathematics which is em-
ployed in the performance ot engineering work. 
Fig. 1 Photograph ot Sunshine Kine. 
GENERAL DESCRIPTION Q! !li! SUNSHINE MINE 
The Sunshine mine is situated in Big Creek Canyon 
2i miles south ot u.s. Highway 10, midway between 
Kellogg and Wallace, Shoshone County, Idaho, in the 
heart ot the Coeur d'Alene mining district. 
The modern surface plant consists ot a mill, 
crushing plant, machine shop, carpenter shop, sawmill, 
timber-framing shed, warehouse, compressor house, primer 
house, hoisthouse, blacksmith shop, electric shop, steam 
plant, dry building, and garages. Most ot these build-
ings have been constructed since 1935. See Fig. 1. 
During 1940 the mine produced a total ot 278,810 
tons ot ore which yielded 8 1 180 1 980 ounces ot silver. 
Mill recovery averaged 97.6 per cent. The average assay 
ot ore mined during the year was 30.0 ounces per ton. 
The Sunshine vein occurs in a large shear zone 
some 300 ft. in width and ot indeterminate length. Silver-
bearing tetrhedrite (treibergite) constitutes the chief 
ore mineral which occurs in a gangue of siderite, quartz, 
and pyrite. The veins vary in width from less than 1 
tt. to 8 tt. Because the veins frequently split and 
necessitate the mining of several teet ot waste between 
the segments, and because small stringers of ore occa-
4. 
Fig. 2 Plan Kap ot a Portion or the Sunshine Mine 




Fig. 3 Portion of Stope Map. Drawn in Plane of Vein. 
Scale 1" = 500' 
sionally parallel the vein in either wall, the average 
stope width is 7 rt. The vein has been stoped tor more 
than 2000 tt. ot stope length and to a depth of about 
2800 ft. below the Sunshine adit level. Fig. 3. Ex-
ploitation is at present chiefly confined to the portion 
of the vein which lies between the 2700 and 3100 levels. 
A crosscut on the 3700 level connecting the ~ewell shaft 
with the vein and the No. 4 winze, together with the 
sinking or the No. 4 winze from the 3100 level consti-
tuted the major development work during 1940. 
Mine workings are accessible by four shafts: the 
vertical tour-compartment Jewell shaft, which extends 
from the surface to a depth of 3875 ft.; the inclined 
two-compartment No. 2 shaft which extends from the adit 
level to the 1900 level; the No. 3 two-compartment, ver-
tical winze which continues trom the bottom ot the No. 2 
shaft to the 3100 level; and the No. 4 winze which con-
nects the 3100 and 3700 level in the western portion of 
the vein. 
The ore is stoped by a timbered cut-and-fill 
method. Cribbed raises 5 rt. square tlanYed on both 
sides by joker chutes of similar dimensions terminate 
developed blocks ot ore which are subsequently mined in 
step-like 9-tt. cuts which apex towards the ore raises. 
7. 
Development work yields sufficient waste to fill in the 
mined areas of the stopes. See Mining Method, Fig. D-1, 
Drawing Supplement. 
Broken ore is conveyed from transfer chutes and 
stope chutes by battery locomotives along 4 main haul-
age levels to the Jewell shaft where it is hoisted in 
4-ton skips to the main ore bin at the headframe. 
Eight-stage centrifugal pumps on the 3100 and 
1700 levels together with aux1liary two-stage Motor-
pumps, sinker pumps, and Aldrich triplex pumps adequate-
ly drain the mine. Natural ventilation pressures are 
capable or forcing approximately 33,000 cu. ft. or air 
per min. through the mine, but this volume is increased 
to about 70,000 cu. ft. per min. by a Jeffrey Aerodyne 
tan which has recently been installed at the portal or 
the No. 4 tunnel. Vitiated air is conducted away from 
the eastern extremities of the mine workings through a 
continuous system or timbered ventilation raises which 
extend from the 2500 level to the No. 4 tunnel. 
s. 
ADMINISTRATIVE DIVISION OF THE 
SUNSHIN~E~M~I~N"""'"E~---
Fig. 4 depicts graphically the manner in which 
the various labor divisions or the mine are coordinated. 
A concerted effort has eliminated oTerlapping of author-
ity and defined the responsibility of individuals. By 
this system an order may pass through definite channels 
trom the general manager to any designated employee 
with a minimum ot contusion. 
A nice balance ot practical and technical super-
vision is maintained because the general manager and the 
superintendent are trained engineers while the foreman 
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Fig. -4: AdministratiTe Divisions of Labor of the Sunshine Mining Co. 
10. 
RELATIONSHIP BETWEEN THE ENGINEERING DEPARTMENT 
~ OTHER DEPARTMENTS Q! MINE 
Responsibilities delegated to the engineering 
department are rather broad. Possibly this may be at-
tributed to the fact that the superintendent was at one 
time chief engineer, and consequently relies on that 
department to gather and supplement most of the intorma-
tion upon which he bases his ultimate decisions. Since 
the mine is progressive, numerous changes entailing con-
siderable study are constantly made to effect safer, 
cheaper, and more efficient production. This accumula-
tion of essential information regularly inTolves such 
assignments as stope inspections, power measurements, 
efficiency tests, geologic surveys, mechanical perfor-
mance-studies, ventilation studies, and time studies in 
addition to the more or less customary functions of 
engineering departments such as surTeying, sampling, 
mapping, and the recording of mine production and progress. 
These special and routine assignments require co-
operation between the engineering department and all 
other departments of the mine. An engineer's day is 
seldom Toid of consultations with mechanics, shift bosses, 
electricians, carpenters, and miners in his search tor 
11. 
information. In like manner, these same employees 
appeal to him for intormation, records, and solutions 
ot technical and scientific problems. All employees 
are made to realize that the work of a department is 
not an end in itself, but rather a means to that all 
important end of "keeping rock in the box". 
At present five engineers and one geologist are 
employed under the direction or a chief engineer. As 
much as possible all department members are expected 
to acquaint themselves with all routine tasks so that 
substitutions may be arranged conveniently whenever 
absences occur. Furthermore, special duties assigned 
to individuals such as sampling, surveying, and dratting 
are very much interrelated. Consequently survey notee, 
field notes, reports, and drawings are used not only 
by those who originally prepared them, but by all ot the 
engineers. 
12. 
FUNCTIONS OF THE ENGINEERING 
DEPARTMENT 
It will be noted that all ot the functions dis-
cussed in the ensuing pages depend upon the accurate 
obserTation, the systematic recording, the intelligent 
interpretation, and the undistorted Terbal and written 
presentation ot racts. 
In accordance with the general purpose or the 
thesis special emphasis has been placed upon those 
runctions demanding the application or such sciences 
and mathematics as may be round in the curriculum ot 
the average mining student. For the sake ot complete-
ness, howeTer, all types or work performed by the engi-
neering department ot the Sunshine Mining Co. haTe been 
set forth. 
13. 
Surveying and Mapping 
Standardized and generally accepted methods or 
surveying have been adopted by the Sunshine engineering 
department. The coordinate system with arbitrary base 
lines fixed by preliminary triangulation surveys and 
correlated with other surveys in the district is used. 
Although the bulk ot the surveying work is performed by 
a surveyor and helper, all or the engineers are required 
to run instruments, interpret notes, and perform calcu-
lations tor various specially assigned projects. 
In addition to surtace surTeys the surveyor is 
regularly required to establish lines and control grades 
tor all development work. Stopes, drifts, shatts, raises, 
and crosscuts are surveyed periodically to provide data 
tor mapping. 
The following maps are kept up to date: 
Plan maps showing horizontal extent or underground 
workings with levels superimposed upon one another. 
Scale 1" • 50 1 , 1" • 100 1 , 1" • 200', and 1" • 400'. See 
Fig. 2. 
Assay plan map showing the position or the vein in 
each drift and recording the number, vein width, and 
assay value ot each sample cut. Scale 1" = 20'. See 
14. 
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DRAWN IN PLANE OF VEIN 




Plan of assay averages based on calculations or 
average assays for designated lengths of the vein and 
drawn particularly to show at a glance potential blocks 
of ore. Scale 1" = 100'. 
Surface maps showing in plan the position of all 
buildings, yards, roads, pipe lines, property boundaries, 
and topographic features. Scale 1" = 20' and 1" = 50'. 
Claim maps showiLg positions, boundaries, and 
corners of all mining claims on the Sunshine and neigh-
boring properties. Scale 1" = 20', 1" =50', and 1' = 
100'. 
Stope map drawn in the plane of the vein showing 
the positions and numbers of all stopes. Monthly ad-
vances are blocked out and indicated in various colors. 
Scale 1" = 100' and 1' :50'. See Fig. 6. 
Block diagram of the mine which is a 45• oblique-
projection map depicting a pseudo-perspective view. 
This drawing,which is especially valuable for ventila-
tion control work and the study of mine drainage, com-
bines the information presented on the plan and sectional 
stope maps. Scale tor vertical and one horizontal aTis 
1" = 50'. Scale tor remaining horizontal axis 1" • 100'. 
Geologic maps and sections showing structure, 
17. 
lithology, alteration, and position or the vein and 
neighboring zones. 
18. 
Realignment of the Incline Shaft 
Typical or some or the special problems which 
occasionally arise was that ot surveying and realigning 
the incline shaft. Rock movement which had displaced 
numerous shaft sets necessitated the retimbering of the 
shaft. The engineering department was specifically 
assigned to determine a smooth profile tor the shaft 
track which would involve a minimum change in the posi-
tion of shaft sets. 
Inclined survey lines were established down the 
shaft. Then after the position of each set was related 
to these lines by measurement, a profile of the shaft 
rails was drawn showing the extent and position of ir-
regularities. 
Fig. 7 shows a profile of a portion of the shaft 
which has been distorted in order to clearly emphasize 
the geometrical principles involved. Line AB in blue 
shows the profile as plotted with reference to the 
established survey lines, CD and DE. Since the protile 
was rather uniform from A to T and !rom B to S, arbi-
trary lines TI and SI were extended from points T and s. 
Angle x was measured very caretully. 
A smooth curve connecting points T and S and 
19. 
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VERTICAL SECTION SHOWING PROFILE OF INCLINE SHAFT 
Fig . 7 
20. 
SKETCH SHOWING METHOD OF DETERMINING 
TANGENT OFFSETS FOR CURVE 
IN SHAFT PROFILE 
Fig. 8 
21. 
eliminating the pro~ile irregularities was then con-
strueted. Since the external angle was small and the 
distances between the point or intersection and the 
points of tangency relatively large, no purely graph-
ical method of constructing an arc between points T 
and S could be applied. Hence, the following calcula-
tions determining the radius of curvature and several 
tangent offsets yielded sufficient data to construct the 
curve: 
Refer to Fig. a. 
Given: TI and SI 
Angle x 
- 100.0' 
- 2• 30' 
Therefore angle y = as• 45' and angle z: 1• 15'. 
The Radius o~ Curvature R • 100 
----------------tan. 1• 15' 
R = 5,a29.5 rt. 
In order to determine several tangent offsets, angle z 
was divided into four equal angles of 0° 18' 45"; whence, 
angle z • 1• 15' 
angle v = 56' 15" 
angle u = 37' 30" 
angle t • 1a• 45" 
Distances bi, rc, gd, and eh were then calculated. 
bl • R(sec. z - 1) : 
fc • R(sec. v - 1) • 
dg = R(sec. u 1) • 





With these tangent offsets, curve TS was then constructed. 
22. 
Distances mn, pq, and rs, etc. were carefully scaled at 
12-ft. intervals above and below point D. Transit lines 
CD and DE were again established in the shatt and spads 
were driven at 12-tt. intervals along these lines. 
Shaft timbermen were instructed how tar below these 
reference spads to set the sills of the new shaft timbers 
in order to reproduce the desired curve. 
23. 
An Inter-Level Survey and Shaft Plumb 
Fig. 9 illustrates the traverse which was run to 
tie in the survey lines of the 3100 level with those of 
the 3700 level while the 3700 level was being developed. 
The procedure was as follows: 
1. Survey lines were advanced from the 3100 
crosscut to the No. 4 winze which was being sunk from 
that level. 
2. A known bearing of the 3100 level was carried 
down the ~ewell sh&ft to the 3700 level by means of a 
two-wire shaft plumb. With this two-wire bearing for a 
back sight survey lines were established on the 3700 
level. 
3. After coordinates for the partially completed 
No. 4 winze had been computed from the 3100 survey notes, 
the positions o~ the No. 4 winze crosscut and station on 
the 3700 level were determined. 
4. On the strength of these computations a verti-
cal raise was located directly beneath the No. 4 winze 
and driven to meet it. 
5. A~ter the raise had broken into the No. 4 winze, 
a single plumb-wire was dropped down the winze. The 
position of the wire was tied in with the traverses for 
24. 










3700 NO.2 South Crosscut toiNo. 4Winze (Balanced) 26 
LATITUDE DEPARTURE CO-ORDINATES 
B. S. Sta. Angle Bearing D1st. H. I. H. P. Spad Elev. Track Elev. To Sta. 
North (-) SoLtth ( +> East <+> West(-) S. Latitude E. Departure 
Wire 79,162.85 74,528.85 
\Vire N88°29 1 3011E 14.67 0.39 14.67 T3700 79,162.46 74,543.52 
Wire T3700 272.11 1 30 11 S o• 41 1 OO"W 18.00 18.00 0.21 X370l 79,180.46 74,543.31 
T3700 X3701 180°00'15 11 s o•4l'l5"W 24.09 24.09 0.29 -1016.65 X3705 79,204.55 74,543.02 
X3701 X3705 178°38 1 30" s 0°40'15"E 151.60 151.59 1.78 -1015.42 X3709 79,356.14 74,544.80 ~ 
-
X3705 X3709 142.211 00" 838 •19' 15'•E 195.16 153.11 121.01 -1013~63 X3711 79,509.25 74,665.81 
-
X3709 X37l.l. 179.591 30" 838.19 1 45''E 196.59 15~.22 121.92 -1012.46 X37l.3 79,663.47 74,787.73 
X3711 X3713 1so•o1' oo'' 838 °18' 45'*E 185.82 145.80 
I X3715 79,809.27 74,902.93 115.20 -1013.29 
X:3713 X3715 1so•oo'l5" S38°l8 1 30"E 184.45 144.74 114.34 -1012.49 , X3719 79,954.01 75,017.27 
Xr$715 X3719 18o•oo'l5" S38°18 115"E 172.28 135.20 106.79 -1013.15 X3721 80,089.21 75,124.06 
X3719 X3721 181 °11' 45 1l 837°061 30"E 170.69 136.13 102.98 -1008.87 , X3725 80,225.34 75,227.04 
X3721 X3725 125.301 4511 N88.24'15 11E 67.30 1.87 67.27 Pl. 80,223.47 75,294.31 
X3725 P1 182° 42' 451' S88.53'00"E 54.81 1.07 54.80 P2 80,224.54 75,349.11 
Pl P2 210.25'30" 559•27 '30"E 23.25 12.16 19.82 Wire 80,236.70 75,368.93 
Calculated trom 4/26/40 and 5/11/40 Jewell. Shaft Plumb. '-~ l 3700 No. 2 South_ Crosscut ( Jewel~ to No. 4 Winze ) Original 
LATITUDE DEPARTURE CO-ORDINATES 
B. S. Sta. Angle Bearing Diat. H. I. H. P. Spad Elev. Track Elev. To Sta. 
North (-) Sot~lh <+> East <+> Weat (-) S. Latitude E. Departure 
X3706 X3709 142.21' S38°20 115"E 195.16 153.08 121.06 X37~~ 79,509.22 74,665.90 
X3709 X3711 179°59 1 30" S38.20 1 45"E 196.59 154.18 I 121.97 X3713 79,663.40 74,787.87 
X3711 :X~7~3 18o•o1• S38.~9 1 45"E ~85.82 145.77 115.24 X3715 79,809.17 74,903.11 
X3713 X3?~5 ' l8o•oo'~5" S38.~9 1 30"E ~84.45 144.70 114.38 X3719 79,953.87 75,0~7.49 
X3715 X3719 l8o•oo' 15'' S38°l9'15"E ~72.28 135.16 106.83 X372~ 80,089.03 75,124.32 
-
X3719 X3721 181.11'45" S37.07 1 30"E 170.69 136.09 103.02 X3725 80,225.12 75,227.34 
X3721 X3725 125.30 1 45" N88°23 1 ~5"E 67.30 ~.89 67.27 (See Calcu1a ~ion or Balanced Survey.) P1 80,223.23 75,294.61 
X3725 Pl l82.421 45ft S8B.54'00"E ~.05 54.80 P2 80,224,28 75,349.41 
Pl. P2 210°25'30" 858.281 30 ••E 23.25 12.16 19.82 Tri f:· WJ.nze J.re. 80,236.44 75,369.23 
Coordin ~tes ot ~ o. 4 Wi nze Wire on 3100 80,236.63 75,368.97 
both levels. Fig. 10 shows standard survey forms upon 
which are noted the data or the 3700 traverse as well 
as a comparison or the latitude and departures ~or the 
plumb wire on 3100 and 3700 levels. 
6. Up to this point the primary purpose of the 
survey was satisfactorily accomplished, i.e. the con-
nection of the 3700 raise with the No. 4 winze. The 
next step consisted of balancing the 3700 survey. 
7. The 3100 survey was assumed to be correct 
since it had previously been balanced and tied in with 
surveys of overlying levels. Consequently the differ-
ence in closure of 0.19 ~t. in latitude and 0.26 ft. 
in departure was ascribed to slight errors in the 3700 
survey. All tape measurements were checked and found 
to be correct. A slight bearing correction was cal-
culated and applied to the 3700 traverse. 
a. Fig. 11 illustrates how the bearing corrections 
were made. An imaginary line was drawn to connect the 
points J and W (wires in the Jewell shaft and No. 4 
winze). From the differences in latitudes and departures 
of these two points, the tangent of angle x and the bear-
ing of the line JW could be determined. In a similar 
manner the bearing of JW' was determined. The differ-
ence in bearings, 54 seconds, was the correction which 
27. 
was applied to the 3700 traverse. Since angles are com-
puted to the nearest 15 seconds, the actual applied 
correction was 1 minute. Computations tor the bearing 
corrections were as follows: 
For 3100 Traverse 
Point Lat. ~· :r. 79,162.85 74,528.85 
w. 80,236.63 75,368.97 
Difference 1,073.78 840.12 
Tangent x • 840.12 = .78239 1073.78 
Bearing J"W = s 38• 02' 21" E 
For 3700 Traverse 
Point Lat. ~· J. 79,162.85 74:,528.85 
w'. 80,236.44 75,369.23 
Difference 1,073.59 840.38 
Tangent y • 840.38 = .78278 
1073.59 
Bearing JW' = S 38• 03 1 15" E 
Difference in bearings = o• OO' 54" (1' correction 
was applied) 
9. ~hether or not the 1-minute correction was 
added or subtracted from the 3700 bearings depended on 
the quadrant in which the bearings lay. Briefly, the 
net effect of the correction was to rotate the 3700 





Coordina t es of W 
Lot . 79,162.85 
Coordin otes of J . . Dep. 74, 528.95 
840. 12 
Lat. 
80 ,236 .63 
Dep . 
.2 
75,368 . 97 
BEARING CORRECTION 
FOR 3700 BALANCED SURVEY 
Fig . 11 
29 . 
The line ~W' might thus be regarded as an axis upon 
which the original 3700 survey lines were fixed. 
10. After the bearing adjustments had been made, 
latitudes and departures tor the 3700 level were re-
calculated. A negligible difference in closure or 
0.04' in departure and 0.07' in latitude resulted. 
This was too small to be distributed throughout the 
survey. 
30. 
Rope Inspection and Maintenance 
The periodic inspection and maintenance of hoist-
ing ropes became a matter or vital importance as the 
depth of the mine increased because of greater rope 
wear. Safety and economy were the two prompting 
motives giving rise to a program of systematie rope 
inspection and care which was inaugurated by the super-
intendent. 
Upon the recommendation of rope experts a study 
or the history or cable wear in the various shafts was 
first made. Then a record of conditions and factors 
governing the use and wear of each cable was compiled. 
This record was composed or the following information: 
1. Drum data: Diameter, length, type, fac-
ing, number ot wraps, and method of rope 
attachment. 
2. Idler and head-sheave data: Diameter, 
material, groove construction, and weight. 
3. Shaft data: Depth of shaft, station loca-
tion, size and weight or skips and cages, 
capacities of skips, rope speeds, acceler-
ation rates, number or trips per day, and 
total tons hoisted per day. 
31. 
4. Rope date: Size, lay, length, material, 
~requency and nature or lubrication, date 
of installation, nature or observed wear 
o~ cables, ractor o~ sa~ety, and initial 
strength and final strength of cable. 
Partially upon the basis or past incomplete infor-
mation and partially upon calculations and estimates the 
anticipated li~e o~ each rope was determined. A schedule 
of maintenance prescribing the frequency of lubrication 
and other practices of rope care was drawn up and distri-
buted to the mechanical, production, and engineering 
departments. The following instructions represent a 
portion or this schedule outlining the care of ropes in 
the Incline shaft: 
1. Lubrication. Vitallfe No. 1 is to be used on 
the Roebling cable exclusively, and Lepro on the Leschen 
cable. These ropes are to be lubricated every four 
weeks and more orten if inspection ind1cates the neces-
sity. The 500 ~t. or cable nearest the skip end is to 
be lubricated every two weeks. 
2. Drum Cuts. A cut equal to 1 - 1/3 turns shall 
be made every ~our months or oftener i~ necessary. 
3. Clamp Cuts. The cable should be cut above the 
last clamp at least every twelve weeks. 
32. 
4. Ropes to be Turned End ror End. Eight months 
~rter the rope is put on it must be turned end for end. 
When this is done, fifty reet 1~ to be cut orr the 
original skip end and delivered to the warehouse prop-
erly tagged and identified. Six months erter the rope 
is turned end for end, 150 feet are to be cut off the 
skip end and delivered to the warehouse properly tagged 
and identified. Six months later an additional 150 feet 
are to be cut orr the skip end. 
The engineering department was assigned to keep 
all records for the maintenance program and to notify 
all respon~ible parties of the condition of the ropes, 
work performed on the ropes, and the dates set for the 
various processes of rope care. Forms F-1, F-2, and 
F-3, Form Supplement, illustrate how pertinent informa-
tion was gathered and recorded. 
Frequent inspections were made by the engineering 
department in order to ascertain the strength and con-
dition of all cables. The following report describes 
an examination which was made in the company or a rope 
expert and emphasizes many of the details obserTed 
during a thorough inspection together with typical 




Rope Examinat~on, August 12, 1940 
(Made by Mr. Bukowsky, Roebling Engineer) 
Inspection procedure was as follows: 
1. Both sheaves at the head~rame were observed 
during operation. Grooves were measured with special 
gage and round to be satis~actory. 
2. Idler pulleys on both towers were observed. 
The south idler pulley on the upper-most tower appears 
to be slightly out or alignment. The bearing on the 
south side or this pulley is worn and produces a 
vibration during rotation. Both bearings on the lower 
idler-tower pulleys are slightly worn also. It was sug-
gested that larger sha~ts be used to support these 
idler pulleys as a means of prevention of rapid wear. 
3. The rope in the north compartment or the 
shaft was inspected at a poir.t approximately 2800 ft. 
above the clevis. The rope at this point changes to 
the second rap on the drum. Careful measurement showed 
a min~mum diameter o~ 1 3/32" and abrasion length of 
~ inch. The cage was then lowered and approximately 
15 measurements o~ diameter and abras~on-lengths were 
taken at irregular intervals to a point about 3100 rt. 
above the clevis. No breaks in the wires were noted. 
The average abrasion length was ! inch and maximum 
lengths did not exceed this by more than 3/32". UneTen 
wear of the rope was noted between points 3900 and 4100' 
above the clevis. This may be due to the servinge on 
the end of the rope. Three servings not less than li" 
long should be wound on each side of the point where a 
cable cut is made before that cut is made in order to 
prevent swelling of the first 8 or 10 turns of the rope 
on the drum. The grooves on the drum were gaged and 
found to be satisfactory at all points checked. The 
pitch of the grooves was measured at several points and 
round to be correct (li"). 
In order to ascertain whether or not elongation 
had taken place a 7" section of the rope was measured 
off, and marked. Then the number of consecutive crowns 
of strands included between the limits of this section 
were noted, see below: 
ROPE ELONGATION TEST 
35. 
Exactly 7 crowns were noted at approximately 8 dif~er-
ent points of measurement. This corresponds with the 
original number o~ crowns as measured by Mr. Bukowsky 
after the installation of the rope. This test for 
elongation is not standard ~or any size rope and is 
only applicable when an initial measurement is made 
shortly after a rope has been installed. 
4. The south rope was examined at a point 2000 
ft. above the clevis. Three measurements were made at 
points about 50' apart. Diameters varied ~rom 1 7/64" 
to 1 3/32". Abrasions averaged i" in length. No 
elongation or the cable was noted, and the grooves con-
termed to the 1 1/8" pattern of the gage. No broken 
wires were noted. Examination ot the cable at the 
cross-over point trom the first rap to the second re-
vealed slightly more wear but no greater lengths of 
abrasion than 17/32". The pitch of the drum grooves was 
found to be correct where measured. 
The present operating factor of safety was then 
calculated on the basis of new measurements: 
1 broken wire in the worst lay. 
Abrasion length ••••••••••••• !"• 
%Diameter remaining •••••••• 72% 
%Area intact ••••••••••••• 85% 
Original factor ot safety (for new rope) ••• 4.72 
Present operating factor of safety •••••••• 4.0 
36. 
Calculations ror Operating Factor 
~ Sarety of ~ewell Ropes 
Length ot Rope 
Sub-level station to 3100 ••••••••• 
Sub-level station to head sheave ••• 
3100 level to 100 1 below 3700 ••••• 
Total rope suspended ••• 
Static Load 
Weight of skip and trailer ••••••• 
Weight ot rock, 4 tons ••••••••••• 
Weight ot rope, 3918 1 at 2.03# •••• 










Acceleration = 1650 • 1.83 tt/ sec 2 
15 X 60 
Stress: 21,279 x 1.83 = ••••••••• 
32.2 
1,209 lbs. 
Total stress on rope •••••••••••••••••• 22,488 lbs. 
or 11.24 tons. 
Breaking strength ot new rope •••••••••• 53 tons. 
Operating Factor o~ Safety tor New Rope •• 53 = 4.72 
11.24 
Present Operating Factor of Safety 
No. of broken wires in worst lay •• 1 
Length of abrasions ••••••••••••••• .500" 
% Dia. remaining (Roebling chart 2A.) ••••• 72.0% 
%Area intact (Roebling chart 2B.) ••••• 85.0% 
Operating Factor ot Safety (chart 12) •••• 4.0 
37. 
Value o~ Rope Maintenance 
The ~act that systematic care, including rope 
and clamp cuts, doubled the li~e o~ a 7/8-inch cable 
o~ a service sha~t, illustrates what economy may be 
introduced by care~ully planned maintenance schedules. 
In one instance the li~e o~ the rope was increased 
from three months to nine months. Operating condi-
tions were the same during both periods. Further 
evidence of the success of the rope program is sub-
stantiated by a test made on an 8-ft. portion o~ rope 
which had been cut ~rom the No. 2 shaft cable after 
six months of use. The Roebling testing laboratory 
reported that the ultimate strength of the portion o~ 
used rope was 107,~00 pounds. This was slightly above 
the catalog strength or a new rope. A letter signed by 
the Manager of the Portland Branch o~ ~ohn A. Roebling 
& Sons Co. included the ~ollowing comment: 
"The results of this test are quite flattering 
to the stat~ o~ the Sunshine Mining Co. and indicate 
utmost efficiency in lubrication and care of ropes ••• " 
38. 
Geologic Work 
Geologic work or the Sunshine mine is performed 
principally by a geologist who works under the direction 
o~ the chief engineer. Specific tasks include the de-
tailed mapping o~ the main ore body and controlling 
structures, the examination or prospects, the super-
vision of diamond drill explorations, the systematic 
recording o~ geologic information, and the determination 
of the probable position of veins and structural 
features for the guidance o~ the production department. 
Occasionally other members of the engineering 
sta~f are assigned to assist the geologist or to per-
form some urgent work during his absence. The following 
typical problems, experiments, and assignments are 
presented as evidence that a fundamental knowledge or 
geologic sciences is useful and indispensable. 
Logging of Diamo~d Drill Cores 
During diamond drill explorations ten to twenty 
feet of diamond drill core are brought to the surface 
daily for "logging". Arter the core has been washed 
and carefully examined it is stored in labeled boxes. 
39. 
The following record illustrates the observations in-
eluded in a daily progress report: 
Exerpt ~rom Diamond Drill Log 
February 10, 1940 
Hole No. 111 
Core 
From To Distance Recovered Remarks 
166.6 169 2.4 1.85 Grey to light grey quart-
zite. Core laminated at 
166.9. 
169 169.5 0.5 0.5 Sna11 stringers of sider-
ite 1/16" at 169.4 and 
169.5. 
169.5 171.0 1.5 1.5 Grey quartzite. Miner-
alized with tetrahedrite 
and equal quantity of 
siderite. Small amount 
of d1ssenirated chalco-
pyr1te. t" gouge at 
169.8. 
171.0 174.5 3.5 3.2 Core broken into 1/8" 
laminations. Faces 
coated with green sere-
cite. 
Following sketch illustrates attitude of dominant fracture 
planes with respect to bedding at 173 to 174. 
Bedding Fracture Plane 
40. 
Diamond Drill Hole Dip Surveys 
Past experience had established the fact that 
lateral deflection of diamond drill holes was uncom~on. 
However, since all diamond drill holes had consist-
ently deflected vertically, it was important that 
this change in dip be measured carefully. The common 
practice of inserting glass tubes of hydrofluoric 
acid for significant etchings was adopted. A pre-
liminary study of available publications failed to 
yield specific information on the concentration of 
acid to be used and the time of exposure required for 
etching. Consequently experiments to determine proper 
acid concentrations and exposure periods were conducted 
by the geologist and assisting engineers. The follow-
ing two reports describe the experiment which was con-
ducted in the laboratory and the diamond drill hole 
survey which was made underground. All dip readings 
were corrected for capillarity. 
41. 
Experiments ~ Etching Speeds of 
Various Concentrations of 
Hydrofluoric Acid. 
April 24, 1940 















2. 30% HF Room Temp 75° F 
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Remarks: Common glass test tubes were used in above 
experiments. Considerable heat was evolved 
in experiment 3 which would tend to speed 
the etching of the first line, but might 
diminish the strength of the acid greatly 
in this first period and hence produce 
weaker etchings in successive exposures. 
Pyrex glass is more resistant to etching 
and showed no appreciable etching when 
exposed to a 20% solution for 1 hour. A 
5% solution ot HF in a common glass test 
tube can be used but the period ot expos-
ure must be several hours. On exposing a 
tube to a 5% solution tor 13 hr. and 22 
min. no danger of completely dissolving 
the tube was noted. A taint mark was 
produced. 
With the results ot these experiments as a guide, 
a diamond drill hole survey was conducted. See follow-
ing experiment. 
43. 
Diamond Drill Hole Survey 
April 24, 1940 
Length or hole surveyed •••••••••••••••••• 1200 tt. 
Dip surveys made with hydrofluoric acid at 1200, 1000, 
8oo, 600, 400, 200, 100 rt. 
1. 35~ HF 
Operation 
Fill test tube and run in rods 
to 1200 rt ••••••••••••••••••• 
Expose tube to etching at 1200 •• 
Withdraw rods to 1000 rt. • •••• 
Expose tube at 1000 tt •••••••••• 
Withdraw rods to 800 tt •.•••..•• 
Expose tube at 800 ft ••••••••••• 
Withdraw tube from hole •••••••• 











min. 00 sec. 
min. 10 sec. 
min. 30 sec. 
min. 20 sec. 
min. 0 sec. 
min. 0 sec. 
min. 0 sec. 
hours 36 min. 
Results: Three etchings were obtained. However the 
lines tor 1200 and 800 were accidentally superimposed 
and the dip at 800 was questionable. Thererore the 
800-toot survey was re-run as a check. The driller 
turned the rods a quarter turn after each exposure 
thus making it possible to distinguish the 1200-tt. 
mark from the 1000-tt. mark. 
2. 39% HF 
Operation 
Fill test tube and run in rods 
to 800 tt ••••••••••••••••••••• 
Expose tube ~t 800 ft ••••••••••• 
Withdraw tube to 600 ft ••••••••• 
Expose tube at 600 tt •••••••••• 
Withdraw rods from hole •••••••• 









min. 0 sec. 
min. 20 sec. 
min. 0 sec. 
min. 0 sec. 
min. 0 sec. 
hour 41 min. 
and 20 sec. 
44. 
Results: Two distinct etchings were obtained. It 
was dec~ded not to etch a third line since the ex-
posure time would exceed the time to withdraw the 
rods and run a rresh solution. 
3. 38% HF 
Operation 
Fill tube and run in rods 
to 400 rt •••••••••••••••••• 
Expose tube at 400ft ••••••••• 
Withdraw rods to 200ft ••••••• 
Expose tube at 200 rt ••••••••• 
Withdraw rods from hole •••••• 









min. 30 sec. 
min. 0 sec. 
min. 0 sec. 
min. 0 sec. 
min. 0 sec. 
hour 5 min. 
and 30 sec. 
Results: Two good etched lines were obtained. How-
ever, the concentration of HF could have been de-
creased to about 32% since the time of agitation 
previous to rirst exposure was quite short. A delay 
of 2 m1n. JUst arter the rods were being started 
into the hole produced a line. 
4. 35% HF 
Operation 
Fill tube and run in rods 
to 100 ft ••••••••••••••••••• 
Expose tube at 100ft ••••••••• 
Total Time •• 
Results: Satisfactory. 








Calculation of Dike Position trom 
Diamond Drill Survey Data 
Importance ot the Problem: On Fig. 12 the position o~ 
the main ore-body is shown by line A-A'. This position 
was definitely determined to the 3100 level by develop-
ment, and the continuation, as indicated by dotted lines, 
by projection. The attitude or the diabasic dike as 
indicated in blue was exceptionally uniform and had been 
established to point P by diamond drill explorations 
which were made on the 1500, 1700, 1900, and 2300 
levels. It this dike had continued in depth to point X• 
as its conjectured projection indicated, serious dit-
ticultiea in mining methods and a possible reduction in 
reserve tonnage might haTe well ensued. 
Therefore, in order to locate definitely the posi-
tion ot this dike at lower elevations further diamond 
drill explorations were conducted at two points on the 
3100 level. Drill logs of the holes were supplied to 
the engineering department as a basis on which to make 
the necessary determinations. 
Procedure: The latitude, departure, and elevation or 
eaeh intersected point on the dike constituted the first 
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PLAN AND SECTION OF DIAMOND DRILL HOLE 
Fig. 13 
48. 
0' Collar of hole 
DIAGRAM ILLUSTRATING METHOD OF PLOTTING 
DIAMOND DRILL HOLES 
Fig. 14 
49. 
described the dips of the diamond drill holes were as-
certained by hydrofluoric acid surveys. 
The method involved in determining the elevation 
and coordinates of point ~ of diamond drill hole No. 50 
is shown in Fig. 13. The apparent distance to the dike 
was corrected graphically by plotting the path of the 
diamond drill as indicated by the dip surveys. Since 
the hole was horizontal at the collar, and had a dip 
of 7° at a point 100 tt. beyond the collar, it was 
assumed that the average dip over the 100 tt. was the 
average of the two, or 3•3o•. In like manner average 
dips were plotted graphically between points a and b, 
b and c, and c and d. 
However, because it was necessary to determine the 
dip of the diamond drill hole as accurately as possible, 
the aforementioned method was checked by the following 
mathematical computations and construction. 
It appeared logical to assume that the hole curved 
gradually and that the segments of the curve included 
between the points at which dips had been determined could 
be normally regarded as arcs of circles with varying 
radii of curvature. Fig. 14 illustrates how the radius 
of curvature was calculated between point "o" and "a" 
50. 
and "c". 
Dip at "a" • 7• 
Hence angle x = 7° 
By use of rad1an measurement: 
Radius of curvature, R1 = 100.0 
Equivalent ot 7• in radians. 
= 100 - 818.5 ft. 
0.12217 
By using a convenient scale such as 1" = 100' 
this portion of the curve could be plotted and 
point "a" located. 
Then radius R1 passing through point "a" was 
extended. 
It can be seen that angle z = 4•; whence, 
R2 = 100 
Equivalent of 4• in radians. 
= 100 = 1432 ft. 
.06981 
With R2 point "b" could be plotted. In a 
similar manner the curve was plotted to point 
"c". Then the curve as thus plotted was super-
imposed upon the original curve as first plotted 
with averaged dips. The curves coincided and 
hence the logic used to plot the path of the 
diamond drill hole was accepted as being cor-
rect. 
Experience in the immediate district revealed that 
horizontal deflection or holes was uncommon. Hence the 
bearing ot the hole was accepted as being constant, 1.e. 
the same as the 1nitial bearing or the hole at the collar 
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of the hole. By projecting the path of the hole to a 
horizontal bearing line from the collar the correction 
in elevation and coordinates ot the collar ot the hole 
the elevation and coordinates of point Q were easily 
calculated. See Fig. 13, Plan View. 
Table 1 lists the coordinates and elevations of 
points on the dike as determined by the above methods. 
A three-point projection method was employed to 
determine the average strike and dip of the dike at 
various elevations. Fig. 15 indicates this method in 
which coordinates ot the dike intersections in holes 
Nos. 4, 6, and 7 were used. Subscripts 'a' and 'b' 
indicate those points as plotted in plan and in verti-
cal projection to an east-west plane respectively. 
Since the strike is the intersection between a 
horizontal plane and a plane surface, an arbitrary 
horizontal line such as 7b - Bb determines the strike 
in the vertical projection through point 7b• Its pro-
jection to the plan view 7a - Ba is therefore the desired 
strike. 
The dip lies at right angles to the strike, hence 
line 7a - Da not only determines the direction ot the 










Coordinates and Elevations or 
Pointson Dike 
---
Hole No. Latitude De12arture 
7 10,382 5,837 
1 10,280 6,470 
4 10,322 6,575 
5 10,566 3,876 
6 10,568 5,478 
2 10,276 4,198 
3 10,228 3,300 
Strike and Dip Determinations 









Geometric Solution Trigonometric Solution 
Case I 
1 - 1500 
4 - 1900 
2 - 1700 
Case II 




































Dip 85° s. 
Str~ke East 






2 &. 7 Dip 81•15' 
4 & 7 Dip 81.52 1 
6 &. 7 Dip 76° 9' 
5 & 7 Dip 74•29' 
No chec:k' made 
because strike 












GEOMETRIC DETERMINATION OF DIP OF DIKE 
Fig . 15 
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well. Likewise by projection line Da _ Db indicates the 
vertical component of the angle or dip. 
In Cases I, II, and III, Table 1, trigonometric 
methods were used to check the geometric solutions. 
Since the strike or the dike in each or these cases was 
very nearly east-west, the ditterence in latitudes or 
any two points was used as the horizontal component ot 
dip and the difference in elevation was accepted as the 
vertical component ot dip. To illustrate: 
Case II - Holes #2 and #7 
Elevation ot point 2 ••• +1056.0 
Elevation of point 7 ••• + 368.5 
Difference in Elevation •• 687.5 =vertical com-
Latitude of point 7 ••• 10382.0 
Latitude of point 2 ••• 10276.0 
ponent. 
Difference in latitude •• 106.0 =horizontal 
component. 
Tangent ot dip = 687.5 : 6.4858 
106.0 
Angle ot dip 
By geometric determination angle ot dip was 
81• 30' 
On the basis ot average dips determined by the 
foregoing method it was ascertained that the position 
ot the dike was that indicated by the line P-Y rather 
than the original projection P-X. It seemed logical to 
assume that the dip or the dike flattened similar to 
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the manner in which the dip of the vein decreased in 
the lower elevations of the mine, and consequently that 
there was no immediate danger of intersection of the 
dike and the vein. 
At a later date a crosscut was driven from the 
collar of the diamond drill hole southward for explore-
tory purposes. The center line of the dike was inter-
sected by the crosscut at a point approximately 7 ft. 
from the calculated position. 
56. 
Inspection of Mine Properties 
It is a common practice of some larger mines to 
investigate and, if advisable, finance and operate 
outside properties. This policy is economically sound, 
particularly if the capital investment can be so diversi-
tied that the production of more than one kind of ore 
or metal becomes the source of profit. Consequently 
numerous offers for sale and proposals of deals are made 
to the managers of larger properties. When a prospect 
or property appears to possess merit, the geologist or 
some engineer may be assigned to investigate it. De-
pending upon the preliminary information, such investi-
gations are conducted with varying degrees of thoroughness. 
The following report was submitted after a preliminary 
one-day examination or a property and lists the essential 
information usually required. (Names and locations are 
fictitious tor obvious reasons.) 
Report .2.E. Elk Mine 
Date or Examination: May 5, 1940. 
Date or Report: May 14, 1940. 
Name or Property: Elk Mine Incorporated. 
Location: 44 miles north or Butte, Montana; 14 miles 
south of Clark, Montana; Smith County, Montana. 
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Forest Reserve: Yellowstone National Forest. 
Name and Distance of Nearest Railroad Station: Northern 
Paeitic R.R.; 13.7 miles to loading ramp. 
Distance from Highway: 13.5 miles to Highway 11. 
Character of Mine Road: 9 miles fair dirt road; 4.5 
miles of poor road. 
Number or Claims: 2 placer; 26 quartz. 
Number Patented: None. 
Acreage Held: 560. 
Water Supply: Name or Stream - Elk Creek. 
Distance from Claims - On west boundary. 
Approximate Flow - Adequate for mine and 
mill. 
Power Possibilities - Doubtful. 
Average Snowfall - 6 to 8 ft. 
What Power Available: None at property. 
Nearest Electric Power: 4.5 miles to pole line. 
Amount and Kind or Timber: Lodge-pole pine 6-10 inches; 
75% ot claims covered. 
Nearest Source o~ Supplies: Butte, Montana. 
Prevailing Rock Formation: JUrassic monzonite, and 
Tertiary vesicular to porphyritic andesite. Mine 
at or near contact. 
Evidence or Faulting: Strong faulting across the vein. 
Shear, fracturing and gouge formation parallel with 
vein after primary deposition. 
Topography: Rugged and timbered. 
Type or Deposit: Primary, irregular veins near contact. 
Fracturing followed by quartz tilling and secondary 
sulfides. 
Description or Deposit: Mineralized zone varying from 
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1 to 10 rt. Consists of irregular non-persistent 
sulfide veins and veinlets, gouge, and quartz-
filled brecciated andesite within altered wall 
rock containing disseminated sulfides. 
Exposure on Strike: 120 ft. No. 2 tunnel. 
Direction of Strike: N. 80° E. to s. eo• E. 
Dip: North 70•-eo•. 
Average Width: 4 ft. Mineralized zone. 
Metals in Order of Importance: Gold, Silver, Lead, 
Copper. 
Representative Assays: See reports attached. 
Development Work: 1960 rt. of drifting as shown on 
original map by ~ohn Smith ~r. 500 additional ft. 
of drifting mapped during examination. Two-com-
partment shaft above No. 1 tunnel, 350 ft. All 
raises caved and valueless. Two small winzes 15 
to 30 ft. 
Ore Reserves and Estimated Tonnage: Back of stope 
60 tt. long exposes good ore. Vertical extent not 
proven. Stope accessible for sampling on one end 
only. Prospectus claims 40,000 tons of mill feed 
which will net $6.00. Part or dump at portal or 
No. 1 tunnel contains an estimated 6,000 to a,ooo 
cu. rt. of oxidized sulride ore (400 - 500 tons) 
which remained after high grade had been sorted 
out. No attempt was made to sample the pile be-
cause or irregular character or the ore and un-
certainty as to the depth or the ore. Deep snow 
prevented investigation of a quantity of mill reed 
which is said to be piled near the top or the mine 
shart. 
Froduction: 1894 to 1909, Value $1,000,000 (See Note L) 
April 20, 1935, to October 30, 1936, 865.7 tons 
valued at $12,300.67 and shipped to Anaconda 
Smelter. (See Note ~) 
Operating Costs: None obtained. 
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Building and Camp Equipment: 15 1 x 20 1 Machine shop; 
15 1 x 15' Blacksmith shop; 15' x 18' and 15' x 
10' log cabins; 20' x 25' Bunk house; sorting 
plant with one 8' x 8' x 12 1 bin; obsolete tram-
way and slide trom mine to mill. 
Mine Equipment: 1200 tt. of 15-lb. mine track; 900 tt. 
ot 8-in. canvas blower duct; one 8-in. Bayley 
blower; one 3 H.P. gas motor; three i-ton end-
dump cars; one 1-ton car; anvil and forge; 35 
assorted hand tools, shovels, hammers, etc. 
Flow Sheet or Mill: No mill located on property. Mill 
on adjacent property was used to treat ore but has 
not been operated since 1922. Nearly all equip-
ment removed from mill. 
Neighboring Mining Properties: Big Richard Mining Co. 
employs 36 men at present. 4.5 miles north or 
Elk claims. Production not known. 
Nature or Organization: Corporation (See Note 2.} 
Title tor Holdings: Owned by Wm. Smith, Seattle. 
Mortgages, Debts, Liens, or other Encumbrances: None 
(See Note 2.) 
Money Spent to Date on Property: $140,000 for road and 
development work in mine and on surface. 
Details ot Incorporation: (See Note 2 tor this informa-
tion) 
Capitalization - 3,000,000 shares. Non-assessable. 
Par value ot shares - 1-. 
Amount or stock in treasury - 1,000,000 shares. 
Names of officers and directors - Wm. Smith, 
President; James Jones, Vice-President 
and Director; Wm. Smith, Jr., Director. 
Name of Party Submitting Information: John Jones, Kel-
logg, Idaho. 
References, Reports, and Bulletins: 
Note 1. 
Note 2. 
Geologic Survey Bulletin No. 380, page 280. 
Prospectus ot Elk Mines, Inc., written 
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after May, 1936. 
Map or property submitted with prospectus. This 
was found to be inaccurate. 
Additional Remarks: The prospectus rrom which much or 
the roregoing information was taken was not en-
tirely accurate. 73 samples were listed which 
yielded assays from $ .96 to $173.00. None or 
these samples were representative because they 
consisted of vein cuts. No channel cuts were 
taken. Positions at which samples were taken 
were vaguely located and could not be verified, 
especially since the map or the property did not 
show the development work which the prospectus 
listed. 
From conversation with one of the men who 
worked on the property, the following information 
was gathered: 
In 1922 the large mill which is situated near 
the west end or the property was financed and 
built by eastern promoters. It was operated for 
24 hours after completion. The venture tailed. 
Sampling: Examination showed that the upper workings 
above No. 1 tunnel had been completely exploited. 
No samples were taken in the No. 1 tunnel. 
Since the prospectus claimed that the No. 
2 tunnel ran through 700 ~t. o~ good ore this 
portion was sampled as indicated on the accompany-
ing map. Since the stope and raise were in a 
dangerous condition, only one end or the stope 
back could be sampled. 
Submitted May 15, 1940. 
A.K. 
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PLAN AND SECTIJ N OF ELK 
Fig . 16 
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MINE 
Pumping and Mine Drainage 
The main Sunshine pumping system is confined to 
the Jewell shaft. A sump on the 3700 level collects the 
drainage from that level together with the water pumped 
from the bottom of the ~ewell shaft. Two 2-stage cen-
trifugal pumps deliver the water to a main pumping 
station on the 3100 level. All drainage to the 72,000-
gal. sump on this level is pumped to the 1700 sump by 
an 8-stage centrifugal pump equipped with a 150-h.p. 
motor and capable or delivering approximately 250 g.p.m. 
Two similar units operating in parallel raise the water 
from this point to the surface. 
Although pumps are operated by pumpmen, the 
engineering department is assigned to determine pump 
efficiencies and to measure mine drainage with weirs. 
See Form 4, Form Supplement. The following excerpt 
rrom a pump report illustrates the nature of this work 
and the type or calculations necessary to determine the 




Equipment tested: 8-stage Centrifugal Pumps. 
No. of 
Location Pumps 
3100 ~ewell Sta. 1 










The last unit installed on the 1700 level is rater-
red to as the 1700 No. 2 pump. The power consumed by 
the No. 2 pump when first installed on October 13, 1940, 
was 128 h.p. It was assumed that the pump was then 
actually delivering approximately 200 g.p.m. Because 
or the old impeller assembly, the No. 1 pump tailed to 
operate correctly in parallel with the new No. 2 pump. 
Its horsepower, which had fallen to 113.3 h.p. by the 
time the No. 2 pump was installed, decreased to 103.2 
when the two pumps were operated simultaneously. There-
tore, a spare rotating assembly which was in stock was 
inetalled in the No. 1 pump. Power consumption rose to 
130.2 h.p. when the pumps were operated in parallel, 
and 134.8 h.p. when the No. 1 pump was operated alone. 
The problem was apparently solved and the chiet deduc-
tion was that the total running time or the two pumps 
should be kept the same so that the impeller and ring 
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wear would be equal thus enabling the pumps to give a 
balanced operation when working together. The 3100 
pump meanwhile was operating about 21 hours a day, 
drawing 131.6 h.p., and was assumed to be pumping 250 
g.p.m. 
During the period ot October 20 to November 11 the 
3100 pump ran an average of 21 hrs. and 19 min. per day 
and the 1700 pumps ran an average combined total ot 29 
hrs. and 5 min. per day. Then, while the 3100 pump 
continued to operate tor the same time each day, the 
operating time of the 1700 pumps began to increase. 
During the week ot December 2 a careful inspection 
of all fittings and parts of the circuit on the 1700 
level failed to disclose any impediments which might 
account for this decrease in pumping efficiency. The 
discharge line trom these pumps was broken on the sur-
face to permit the measurement of discharge with a 
stop-watch and a tank or known capacity. 
The following performance was noted: 
Pump 
1700 No. 1 













Abrasive circulation between the 1st and 6th 
stages of the 1700 pumps accounted for the low efficien-
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cies noted. This wear at the point of highest pressure 
differential resulted in a badly scored intermediate 
sleeve and a loose fit between the sleeve and the encir-
cling channel ring. 
The intermediate channel ring between the 1st and 
6th stages of the No. 2 pump was repaired. The rotating 
element of the No. 1 pump was replaced by one with 
slightly larger diameter of 7 13/16". 
According to Curve No. 11367 (I-R Co., Fig. 17) 
the 7 5/8" impeller should pump 198 g p.m. and consume 
133 h.p. The 7 13/16" impeller should pump 216 g.p.m. 
and consume 137.0 h.p. However, the actual observed 
















Field engineers of pump manufacturing companies 
suggest that the following relationships be kept in 
mind when efficiency graphs are interpreted: 
1. Discharge or capacity varies directly as the 
diameter of the impeller. 
2. The head varies as the square of the diameter 
of the impeller. 
3. The efficiency will remain the same. 
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diameters. 
5. Capacity varies as the speed of rotation. 
6. The head varies as the square of the speed. 
7. Power varies as the cube or the speed of 
rotation. 
a. The capacity of a pump can be changed by 
changing the diameter of the impeller and by changing 
the speed or the pump. 
The following problem illustrates how the etti-
ciency of pumps was calculated: 
Motor Efficiency: 
Nameplate data. 150 h.p., 3 phase, 60 eye. 2200 
volts, 34 amps. 
Efficiency = Rated h.p. 
= 
volts x amps x 1.7321 
746 
150 




Brake horsepower = amps. x volts x motor err. x 1.7321 x p.t. 
746 
Pump Efficiency: 
: 29.0 X 2300 X .864 X 1.7321 X .99 
746 
= 132.46 h.p. 
Head : 1645.6 ft. 
G.P.M. : ... 226.5 
Pump efficiency = Water h.p. 
Brake h.p. 
Water h.p. = g.p.m. x head x specific gravity x 8.33 
33,000 
226.5 X 1645.6 X 1.0 X 8.33 • 94.09 
33,000 
Pump Efficiency = 94.09 
132.46 
= 71.03% 
The Design and Installation of Weirs 
In order to establish records or mine drainage tor 
the planning of future pumping facilities, weirs were 
installed in the drainage ditches leading to the sumps 
ot the lower levels or the mine. Since the weirs were 
to be placed in narrow ditches with maximum widths ot 
about 2 rt., only the triangular-notch type could be 
used. The following sketch illustrates the type which 
was adopted because it complied with the limitations and 
specifications set forth in available hydraulics handbooks • 
24 .. 
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FIG. 18 TRIANGULAR NOTCHED WEIR 
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The formula used to compute the flow over the 
notched weir is ~ = 2.4381 H5/ 2 where Q is given in 
g.p.m. Tables were used to determine the tlow for 
various values of H. A maximum tlow of about 100 
g.p.m. was anticipated. The water level for this 
quantity would be 4 5/8" above the notch. Hydraulics 
handbooks state that to avoid turbulant interferences 
the distance 'a' should exceed 0.75L. At 4 5/8" above 
the notch 'a' is 0.815L. 
Specifications for notched weirs state that the 
velocity of approach should not exceed 1 ft. per sec. 
tor greatest accuracy. At a maximum tlow of 100 g.p.m. 
the cross-section area of flow is 6 5/8" x 24" or 1.1 
square teet. Since 100 g.p.m. is equivale~t to 13.35 
cu. ft. per min. or 0.22 cu. ft. per sec., the maximum 
velocity of approach would be approximately 0.2 ft. per 
sec. which is well within the specified limit. 
70~ 
Mine Ventilation 
The ventilation system of the Sunshine mine has 
been changed considerably during the past two years. 
Formerly the air entered the Jewell shaft and under 
natural pressures traveled eastward through several 
crosscuts to the main mine workings where it was up-
cast through inter-level raises to be exhausted finally 
by way of the Incline shatt end the Sunshine tunnel. 
An increase in depth or the mine was accompanied by 
temperatures approaching 90• F. and humidities of 
nearly 100%. Consequently, the natural ventilation 
pressures were increased mechanically with an Aerodyne 
8-60 tan powered with a 50 h.p. electric motor which 
was installed at the portal of the No. 4 tunnel. Nearly 
3000 ft. ot approximately 6 ft. x 14 ft. ventilation 
raises terminating in the No. 4 tunnel were driven to 
appreciably decrease mine resistances and to remove 
contaminated air from the working places. See Fig. D-2, 
Drawing Supplement. 
The control ot ventilation during this period 
presented many perplexing problems because of constantly 
changing conditions. The completion of crosscuts and 
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ventilation and ore raises provided new channels for 
ventilation currents and upset balanced air-flow which 
had previously been satisfactorily established. Weekly 
measurements of velocities, temperatures, and humidities 
in all main crosscuts were made by the engineering 
department. Reports such as the one on Page 74, in-
eluding these measurements and any other important ob-
servations, were submitted weekly to the superintendent. 
Also see Form 5, Form Supplement. Fig. 19 shows equip-
ment used for ventilation. 
cralculation ot Natural Mine Pressures 
and Estimate ot Power Required to 
Increase Ventilation Volumes with 
Mechanical Aid. 
Previous to the installation of the Aerodyne fan 
it became necessary to determine the pressure developed 
in the mine due to natural conditions in order to ob-
tain an estimate or the maximum power required to in-
crease air volumes with mechanical aid. Fig. 20 
illustrates conditions under which observations were 
made to form a basis for the calculation of natural 
pressure developed in the mine. At best this problem 
could only be an approximation and therefore the con-
ditions under which the test observations were made were 
72. 
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FIG. 19 PHOTOGRAPH· OF EQUIPMENT FOR VENTILATION STUDIES 
Ventilation Report 
July 29, 1940 
Place Volume Temp. Humidity Time 
3100 s. X-Cut 19,671 74.3 97.0% 9:10 AM 
2700 s. X-Cut 11,513 69.0 96.5% 9:25 AM 
2500 s. X-Cut 5,481 68.5 95.5% 9:46 AI,~ 
2300 s. X-Cut 2,568 68.5 96.0% 10:04 AM 
1900 X-Cut (Fan) 3,942 70.5 93.5% 10:18 AM 
Sunshine Tunnel 18,401 59.2 90.5% 10:30 AM 
Surface 67.5 60.0% 10:42 AM 
Total Intake 61 1 576 c.r.m. 
Exhaust No. 4 Tunnel 67 1 152 c.r.m. 65.5° at 100% 
Ratio Intake/Exhaust • • • • • • • • • • 91.7% 
Power Consumption of fan . . . . . . . . . . 47.03 h.p. 
Remarks: The intake at the Sunshine Tunnel has increased 
from 11,876 c.f.m. (April 20) to 18,401 c.f.m. 
This may account for the decreased intake in 
the lower levels. 
Place July 29 April 20 
3100 X-Cut 19,671 c.f.m. 21,210 c.f.m. 
2700 X-Cut 11,513 c.f.m. 11,566 c.r.m. 
2500 X-Cut 5,481 c.:r.m. 7,882 c.:r.m. 
2300 X-Cut 2,568 c.f.m. 2,927 c.:r.m. 
74. 
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simplified by closing all ventilation doors in the 
crosscuts from the Jewell shaft to the mine except on 
the 2700 level where maximum pressures could be developed. 
Calculations: 
W • 1.3232 (H - 0.378 pt) 
459 + t 
This formula tor weight ot air which takes into 
consideration temperature, humidity, and pressure was 
used to calculate the differences in weight or the u-
cast column and the downcast column. "t" = temperature 
in deg. F. "H" = pressure in inches. "p" • relative 
humidity. "t" • pressure of saturated vapor. 
Weight per cu. ft. of air in Col. 1 
Wl : 1.3232 (27.36 - 0.378 X .92 X .447) 
459 + 55.5 
- 0.0699648 lbs. per cu. rt. 
Pressure developed by Col. 1 : 52 X W1 = 3.63817 lbs. 
per square ft. 
In a similar manner the weight of columns 2 and 3 was 
determined. 
w2 = 0.072467 lbs. per cu. tt. 
Pressure developed by Col. 2 = 2638 X w2 • 191.168 lbs./ 
sq. tt. 
w3 = 0.0705182 lbs. per cu. ft. 
Pressure developed by Col. 3 • 2690 X w3 = 189.694 lbs./ 
sq. ft. 
76. 
Total downcast pressure Col. 1 - 2 • 194.806 
Total pressure ot upcast Col. 3 = 189.694 
Pressure difference = 5.112 lbs. per sq. rt. 
= 0.981 in. water gage. Therefore natural mine pressure 
Theoretical Formula for Power Developed 
Volume passing through mine under measured conditions 
was 25,500 c.r.m. 
Power = vol. x w.g. x 5.2 
33,000 
Therefore naturally developed power = P 1 
- 25,500 X 0.981 X 5.2 
33,000 
3.94 h.p. 
Since Power varies as the cube ot volumes, the following 
ratios were used to calculate the theoretical power which 
would be required if the volume were increased from 
25,500 c.r.m. to 70,000 c.r.m.: 
pl 
= 
(25 1 500)3 
p2 (7o,ooo)3 
Whence p2 - 81.5 h.p. 
- pl - 3.94 (Naturally produced power) -
77.56 h.p. to be produced mechanically. 
This maximum power estimate was regarded at once 
as being high because a 400-tt. ventilation raise above 
the Sunshine tunnel which was under construction would 
increase natural pressures substantially. See Fig. 20. 
The completion or numerous ventilation raises under-
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ground and the opening or the 2300, 2500, and 3100 
crosscut ventilation doors would also appreciably reduce 
mine resistance. Later, under these more favorable 
conditions, the actual power required to force about 
60,000 c.r.m. through the lower workings together with 
about 10,000 c.f.m. through the upper workings was 
approximately 50 h.p. 
The Use of the Method of Mixtures to 
Calculate Air Volumes 
The following sketch, Fig. 21, illustrates the 
conditions under which downcast and upcast air currents 
in the Incline shaft joined and entered the 500 ventil-
ation crosscut. It was necessary to obtain an estimate 
of the volumes flowing. Because of irregular eddy 
currents produced by shaft timbers no instruments could 
be employed to measure these volumes directly. However, 
the combined volumes and temperatures could be measured 
with reasonable accuracy. 
ATailable Information: 
V + T a 19,320 c.t.m. 
78. 
COMBINED VOLUMES 
Vt v = 19,320 c.f.m. 




T = 69.5• F. 
UPCAST AIR 
T2 = 72.75• F 
Find V 
Find v 
METHOD OF MIXTURES PROBLEM 
Fig. 21 
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Basic Formula.: Heat Lost = Heat Gained 
or 
s.h. XV X (t2 - t) • s.h. X 'Y X (t 






V X 0.5 = v X 2.75 
v 
= 2.75 
--- v 0.5 
Given (V + T) - 19,320 c.f.m. 
the simultaneous equations ( 1) and 
v - 16,320 c.f.m. 
-
v = 3,000 c.f.m. 
Calculation of the Efficiency 
of an Aerodyne Fan 
- tl) 
and the same 
(2): 
The motor efficiency was first calculated from the name-
plate data. 
50 h.p., 3 phase, 2200 volts, 12 amps. (Full load) 
Motor Eff. = Delivered h.p. 





2200 X 12 X 1.7321 
746 
The mechanical efficiency or the fan was next calculated 
as follows: 
Observed data at time of test: 
Volume delivered by tan - 68,192 c.r.m. at 2.8" w.g. 
Voltage - 2300; Amperage - 11.0 
Brake h.p. = amps x volts x 1.7321 x motor eft. x p.t. 
746 
eo. 




- 47.4 b.h.p. 
-
Air h.p. - c.f.m. x w.~. X 5.2 
-
33,000 
Air h.p. = 68 2192 X 2.8 X 5.2 
33,000 
= 30.09 Air h.p. 
Mechanical Efficiency = Air h.p. 
Brake h.p. 
• 30.09 = 63.31% 
47.4 
X 0.99 
Relationship Between Surface Temperatures 
and Corresponding Volumes of Air Forced 
Through the Mine Under Natural 
Pressures 
After weekly ventilation reports had been filed 
tor several months, sufficient data was available to 
enable an investigation or the effect of surface temp-
eratures and humidities upon the quantity or air passing 
through the mine under natural pressures. 
It was assumed that the difference between the 
weight ot surface air and mine air was the chief factor 
contributing to the variation in current volumes. The 
temperature and humidity of mine air were very nearly 
constant regardless of surface conditions, and therefore 
81. 
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the weight of the upcast column of exhaust mine air was 
also regarded as constant. A series ot calculations of 
the weight of air under varying conditions of tempera-
ture and humidity was first made to supply data tor the 
plotting or curves D, E, and F. See Fig. 22. An 
average constant pressure tor an altitude of 2700 ft. 
was assumed tor all calculations since any change in 
surface pressures would be accompanied by a correspond-
ing change in mine pressures, and hence pressure Taria-
tion would not be an important factor. The formula 
used for these calculations was 
Weight of Air in lbs./cu. ft. • 1.3232 (H - 0.378 p.t.) 
459 + t 
where t a temperature in degrees Fahrenheit. 
H = pressure in inches. 
p - relative humidity. t • pressure of saturated vapor. 
From these calculations curves D, E, and F were 
plotted. Thus by consulting the graph the weight of air 
could be quickly determined if the temperature and 
humidity were known. A scale of volumes was placed across 
the top of the graph. Then points were plotted from the 
information obtained from the weekly ventilation reports. 
To Illustrate: 
Surface temperature •••• 79• 
Humidity ••••••••••••••• 87~ 
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The 78• temperature line was projected vertically 
until it intersected the interpolated humidity line ror 
87%. From this point a line was projected horizontally 
until it intersected another vertical line correspond-
ing to a volume of 24,260 c.f.m. See point A, Fig. 22. 
After about 20 similar points had been plotted 
rrom available data, a mean curve GH was drawn. A 
converse application of the graph could then be made. 
For instance, to predict what volume would be passing 
through the mine if the surrace temperature were 65• 
and the humidity 58%, intersecting lines as traced in 
red upon the graph show that approximately 29,800 c.f.m. 
would pass through the mine. 
84. 
Time Studies of Mining Operations 
Approximately 1,000 tons or ore and 150 tons o~ 
waste are hoisted each day at the Sunshine mine. Since 
these quantities are unusually large tor a narrow-vein 
mine, utmost efficiency and coordination must at all 
times be maintained. Frequent studies of hoisting cycles, 
drilling and mucking time, and other mining processes 
are made to supply information upon which improvements 
and changes in operating methods are based. For instance, 
the time required to load skips from the lower waste 
pockets of the ~ewell shaft has been decreased by ap-
proximately 16% by the installation or measuring pockets. 
The design and installation or a srip change in the 
~ewell headtrame which permits the interchange of a skip 
and trailer with a double cage assembly has reduced the 
time required to lower men and materials appreciably 
and has eliminated the wasteful procedure of hoisting 
the dead weight of an empty skip along with men and 
materials. The skip change has further decreased the 
weight or the ore hoisting assembly by 1635 lbs. Setting-
up time for drillers has been reduced by approximately 
50% by the introduction or drill carriages {jumbos). 
The following time studies or mining operations 
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are typical or those submitted to the mine superinten-
dent by the engineering department: 
Time Study 
cromparison o~ time required to load ore ~rom cart-
ridge chamber with time required to load waste directly 
from pocket into skip. 
3700 Waste Pocket 
Average time to load skip ••••••••••••••• 43 sec. 
(Based on 17 skips including 3 hang-ups) 
Average time between skips ••••••••••••••• 2:32 
Average total time ••••••••• 3 min. 15 sec. 
2500 Ore Pocket 
Place: 
Crew: 
Average time to load skips 
(Based on 12 skips) 
Average time between skips 
• • • • • • • • • • • • • • 




Average total time ••••••••• 2 min. 3 sec. 
Difference in loading time 31 seconds per skip. 
(Total time per skip of waste ~rom 3700 could 
be reduced by 16% on the basis of these aver-
ages if a cartridge chamber were installed.) 
Time Study £t Drilling and 
Mucking Operations 
August 21, 1940 
3700 No. 2 s. X-Cut. 432.9' s. X-3711 
4 men. Day shirt and Afternoon shift. 
Equipment: 4 D.A. - 35 IR. motor feed drifters, Jumbo 
with 4 arms mounted on 2 6-tt. pneumatic 
columns. Gardner-Denver mucking machine. 
Five-rt. portable sections of rail, cherry 
picker. Mancha trammer. 6 side-dump cars. 
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Summary of Operations 
Time Operation 
Time tor Operation 






. . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . 
2:14 
43 
(Part of this round was mucked by 
previous shift. Delays were caused 
by derailed mucking machine and 
cars, minor repairs to mucking 
machine, and changing of batteries.) 
Remove mucking equipment from face ••• 
9:40-9:42.5 Move jumbo to face •••••••••••••••••• 





9:59-10:11 Delay. Wait for water pipe connection :12 
10:11-11:40 Drill Round (See details of Drilling} 1:29 
11:40-11:45.5 Tear down •••••••••••••••••••••••• :05.5 
11:45.5-11:50 Remove jumbo from face to switch •• :04.5 
11:50-11:53 Blow holes • • • • • • • • • • • • • • • • • • • • • • • • • • :03 
11:53-12:05 Load holes • • • • • • • • • • • • • • • • • • • • • • • • • • :12 
12:05- Spit round. 
12:12- Blast over. Start fan. 
12:20- Shift goes up. 
Afternoon Shift Comes down at 12:40 P.M. 
12:40-12:55 Clean cars with air hose and move 
mucker to face ••••••••••••••••••••• 0:15 
12:55-3:02 Muck round. 21 cars. (See mucking 
details) ••••••••••••••••••••••••••• 2:07 
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Drilling Details 
A 27-hole round was drilled. Only ~our holes were 
drilled in the lower right quarter o~ the ~ace to avoid 
blasting out timber. The upper drillers tended chuck 
for the lower drillers during the ~irst 20 minutes o~ 
the drilling operations. 
Time for upper le~t driller to 
drill out 8 holes: 
Drilling Time •••••••••••••••••••• 
Delays (See below) ••••••••••••••• 
Total ••••••••• 
Time for lower left driller to 
drill 7 holes: 
Drilling Time •••••••••••••••••••• 
Delays ••••••••••••••••••••••••••• 
Total ••••••••• 
Time for upper right driller to 
drill 8 holes: 
Drilling Time •••••••••••••••••••• 
Delays ••••••••••••••••••••••••••• 
Total ••••••••• 
Time ~or lower right driller 
to drill 4 holes: 
Drilling Time •••••••••••••••••••• 











1 Hr. 10 min. 
41 min. 
22 min. 
1 Hr. 3 min. 
Most or the delays were caused by slipping of the 
jumbo. The right anchor pin was missing. This resulted 
in shifting of the columns, disalignment or machines, 
and stuck steels. 
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Mucking Details: 
Loading time per car. Average tor 18 
cars taken during normal load-
ing cycle not including clean-
up work •••••••••••••••••••••••• 
Tramming time per car. From face to 
cherry picker and back. Aver-
age tor 16 cars during normal 
cycle. Distance trom face to 
cherry picker, 235ft ••••••••••• 
Average time to remove 6-car train 
from face, dump at station and 
return back to face. Distance 
from face to station, 827.9 ft •• 
Time required to change battery of 
locomotive ••••••••••••••••••••• 
Average time per car for complete muck-
ing operations including clean-
up, barring down, loading and 
tramming, 21 cars for the 
round •••••••••••••••••••••••••• 
No delays noted. 
Footage pulled ••••••••••••••••••••••••• 
Round narrowed slightly. 
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2 min. 13 sec. 
1 min. 56 sec. 
9 min. 45 sec. 
4 min. 45 sec. 
6 min. 3 sec. 
4.5• 
Experimental Work 
Closely allied to the function or making time 
studies is that or conducting experimental investiga-
tions. Since the operating efficiency or a mine is not 
of a static nature, officials in responsible charge or 
the mine and mine plant are constantly alert ror oppor-
tunities to improve existing methods, correct the 
design of faulty equipment, revise operating schedules 
to better advantage, and adopt any new progressive ideas 
which may be entirely original or may be adaptations or 
ideas suggested by articles in technical journals and 
periodicals. 
This work arfords the mining engineer unlimited 
opportunity to employ inventive ability, judgment, 
mechanical and scientiric training, and forethought. 
At the Sunshine mine most or the experimental work lead-
ing to the adoption of new methods is directed by the 
superintendent. The engineering department cooperates 
to the extent of gathering and presenting preliminary 
inrormation and reporting the results of experiments 
conducted. Designated details contributing to the im-
provement of a design or method are likewise worked out. 
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last week in October. These experiments were conducted 
in the 2900 West Drift, 2700 West Dri~t, and the 2600 
North Crosscut. 
No missed holes were reported a~ter the use of 
this fuse. However, one crew had trouble in spitting 
the fuse in the 2700 West Dri~t. The ~use had to be 
recut several times be~ore the round ~ired. This same 
crew tried the ~use on a ~ollowing shi~t and experienced 
no di~ficulty in spitting the second round. 
Brand A differs from Brand B in that it has a second 
layer o~ paper and tar. Brand A costs lOi more per reel 
than Brand B. 
A Comparison o~ Two Types o~ Stopers 
A stop watch was used to determine the comparative 
drilling time o~ two types o~ stopers which were oper-
ated in the same raise at the same time ~or two successive 
days. Such characteristics which a~fected the ease and 
ef~iciency of operation as balance, amount o~ vibration, 
and time required to change steel were likewise noted. 
The report submitted by the engineer in charge o~ the 
experiment included a tabulation of the holes drilled 
and the corresponding drilling time, and remarks based 
on the observed per~ormance of the machines. 
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Experimental Drill Rounds 
Hard beds of quartzite were encountered in the 
3700 No. 2 South Crosscut. The beds intersected the 
crosscut at an angle or approximately 45% and dipped 
toward the face at an angle of about 60•. Drilling 
crews experienced considerable dirticulty because of the 
tendency of rounds to break unevenly. Bootlegs in the 
upper-right quarter of the round were rrequently as 
deep as two reet. Delays in a major development project 
such as this, where cherry pickers and jumbos were used 
to increase efficiency, required immediate 1nvestiga-
tion. 
Several types of rounds were tried including a 
side burn-cut, a center burn-cut, and a diamond-cut 
round. The position and inclination of all holes were 
measured immediately after the round had been drilled. 
Following the blast each face was inspected, bootlegs 
were measured and charted, and the depth of the round 
was recorded. Any conditions which contributed to mis-
fires were noted. 
A model drift section was constructed and placed 
in the engineering office (see Fig. 24) to aid foremen 
and miners in the discussion of merits and defects or 
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FIG. 23a Sketch of Face of 3700 No.2 Crosscut 
Before Round Was Blasted 
Red lines Indicate positions of drill holes. 
FIG. 23 Face of 3700 No. 2 Crosscut After 
Round Was 81 asted 
Numbers indicate depth of bootlegs In Inches. 
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FIG. 23o Sketch of Face of 3700 No.2 Crosscut 
Before Round Was Blasted 
Red linea Indicate positions of drill holes. 
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FIG 24 MODEL DRIFT ROUND 
the types of rounds which were tried. Such discussions 
would otherwise have required three dimensional 
sketches. 
Fig. 23a is a sketch o~ bootlegs which were 
measured a~ter a ~ace was blasted. Upon this is super-
imposed a tracing of the round as it existed before it 
was blasted. See Fig. 23. Drawings o~ this nature, 
which were included in the reports to the superintendent 
convey necessary information pertaining to the success 
or ~ailure of a round. 
Powder Experiments 
On di~~erent occasions the effectiveness o~ blasting 
powder was tested. Powder varying in strength ~rom 30% 
to 60% was used in trial rounds. The advance per round 
was recorded. Samples of blasting ~umes were gathered 
and analyzed. Compact and loosely compressed types of 
stick powder were tried in rounds in dri~ts and stopes. 
Miscellaneous Experimental Projects 
The following experiments are listed to further 
indicate the nature of work performed: 
1. Investigation of pressure losses due to friction 
in compressed air lines. 
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2. Comparison or the nature and quantity of broken 
and damaged steel incurred during the use o~ two di~fer­
ent types or detachable bits. 
3. Measurement o~ the co 2 content of air in various 
places in the mine. Determinations were made with an 
Orsat set. See Fig. 19. 
4. Comparison of several types of respirators to 
determine which one removed dust ~rom air most satis-
factorily. 
5. Treatment of blasting caps with waterproofing 
compounds and trial detonations after varying soaking 
periods to determine the effectiveness of the treatment. 
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Safety Engineering and ~elrare 
or Employees 
Sa~ety promotion is not entirely a ~unction of the 
engineering department since it is a company policy to 
persuade all employees to observe safety regulations 
and prevent accidents. The recording o~ accidents and 
the compilation of reports which analyze the cause and 
extent o~ time lost is performed by the personnel de-
partment of the administrative of~ice. 
A member of the engineering department devotes 
part of his time to matters pertaining to sa~ety pro-
motion and the welfare of mine employees. First aid 
kits and cabinets are placed in accessible places under-
ground and are replenished ~rom time to time by the 
safety engineer. The causes of accidents are investi-
gated and reports of these accidents are made to the 
superintendent. Whenever unforeseen types of accidents 
occur, signs advising miners of new safety regulations 
to prevent recurrence are posted by the safety engineer. 
Classes conducted by the U. s. Bureau o~ Mines for the 
detection and sampling of mine gases are attended by 
the sarety engineer. The use of sel~-contained oxygen 
breathing-apparatus is reviewed ~rom time to time. 
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Charts showing the percent or total shifts lost 
because or accidents and showing under what shi~t boss 
they occurred are posted 
late friendly 
accidents. A ~ile or sarety publications is kept up 
to date in the engineering o~rice. 
Dust Control 
Much or the time or the sa~ety engineer is occupied 
by the investigation or dust conditions obtained under 
various operating conditions in the mine. Considerable 
emphasis has been placed on the silicosis hazard in 
recent years and it has become imperative that mining 
companies give this matter attention. The Sunshine 
Mining Co. has equipped a modern laboratory with a 
midget impinger and a dust counting microscope for this 
work. See Fig. 19. The work o~ dust control consists 
chie~1y or obtaining information on dust conditions, the 
reduction o~ dust content by the use o~ sprays, and the 
use o~ respirators in such places where ~ree dust cannot 
be entirely eliminated. Several types of respirators 
were investigated in order to permit the selection o~ 
the most erricient type o~ respirator. Likewise various 
designs or water sprays were installed in dri~ts, raises, 
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and crosscuts and observations o~ their perrormance were 
made. 
The ~ollowing excerpts selected ~rom reports by 
the sarety engineer indicate the nature o~ the work 
perrormed. 
Report by Safety Engineer on Dust Control 
Numerous silica analyses have been made during the 
past six weeks. The determinations were run by M. F. 
Scott, who used a modi~ied method originally devised by 
W. F. Hillebrand, and which was later adapted by A. R. 
Riddell and H. E. Rothwell. The latter two used this 
method o~ silica analysis in clinical and pathelogical 
observations on silicosis in Ontario. The total silica 
is ~irst obtained. Then the silica combined as silicates 
is subtracted, leaving the rree silica percentages. 
Cut samples and grab samples of ore and waste were 
obtained in all working faces where dust counts were 
made and corresponding silica analyses were made. The 
dust counts will be corrected by multiplying the total 
particle count by percentage o~ ~ree silica. 
Two types o~ sprays have been used and each type 
has been found quite e~~ective. A 12-~t. l-in. water 
pipe was installed on the 2500 ~ewell grizzly. Small 
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holes, 3/64 inches in diameter, were drilled every two 
~eet along this pipe. Ba~rle plates with concave sur-
races were welded directly above these holes. As a 
train or muck is dumped, a tine spray is produced which 
reaches all parts ot the grizzly and car. An air-water 
spray is being used in dri~t and crosscut work. The 
spray has been welded to a piece ot channel iron which 
tits directly over a one-~t. section or rail. The 
channel iron is wedged to the rail approximately 50 
rt. rrom the face. The nozzle or the spray is protected 
from ~lying rock by a i-in. plate. Preliminary exper-
iment has shown that the most etrective spray is obtained 
by turning the water on completely and by opening the 
air valve i to i or full position. The amount or air 
allowed to enter the nozzle should be regulated very 
carefully as too much air pressure will permit little 
or no water to pass through the nozzle. 
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The Installation o~ Mine Equipment 
The installation o~ mine machinery and equipment 
entails such preliminary work as the placement or 
foundations and the design or enclosing structures. 
A~ter a careful study or manuracturers' blueprints, 
speairications, and instructions has been made, plans 
ror foundations including templates for foundation 
bolts are drawn and presented to the mine mechanics 
responsible for the installation. Drive-motor positions, 
drive belting, provisions for power, and various appur-
tenances including air and water piping must likewise 
be planned in complete detail berore any actual work 
is attempted. 
During 1939 and 1940 the ~ollowing equipment was 
installed at the Sunshine mine: 
Two Ingersoll-Rand 8-stage, centrirugal 
pumps powered with 150 h.p. motors. 
One Jettrey 8-60 Aerodyne ~an powered 
with a 50 h.p. motor. 
One Worthington 24/14 x 16 two-stage 
compressor powered with a 300 h.p. syn-
chronous motor. 
Pump Installation 
Fig. D-3, Drawing Supplement, illustrates the plans 
which were made previous to the installation of the 
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I-R 8-stage pump on the 1700 level. Manufacturers' 
catalogues give dimensions or all valve~ and fittings 
and consequently pipe assemblies can be planned accur-
ately before installations. Since high-pressure pipe 
fittings are quite expensive and are not generally car-
ried in stock in the mine warehouse, lists of all 
required fittings must be determined and supplied to 
the purchasing agent. For flanged fittings in particular, 
all nipple lengths must be specified. 
Installation instructions usually specify the 
proper arrangement or pipe fittings and such specitica-
tiQns are rigidly observed. For instance, eccentric 
reducers are placed on the suction side of the pump to 
eliminate air pockets which markedly decrease the effic-
iency of pumps. The check valve is installed between 
the gate valve and the pump nozzle to permit inspection 
or the check valve. 
Compressor Installation 
During the early part of 1940 it became necessary 
to increase the quantity of compressed air which was 
supplied to the mine. A two-stage Worthington compressor 
was accordingly installed to augment the quantity or com-
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pressed air being delivered by the three Worthington 
compressors and one Ingersoll-Rand compressor then in 
operation. The ~ollowing outline is descriptive or the 
engineering work involved in the installation or the 
new compressor. 
1. A plan of the compressor house was brought up 
to date showing the position o~ all equipment and 
electrical control cabinets. Levels of the rloor in 
various places and also or foundations of operating 
compressors were taken. Pipe lines were traced and a 
pipe diagram showing the positions or all existing water 
lines, air lines, and electrical conduits was dra~~. 
See Fig. D-4, Drawing Supplement. This information was 
submitted to the superintendent for preliminary con-
sideration. 
2. Blueprints or the foundation as furnished by 
the manufacturer were somewhat complicated for inter-
pretation by the carpenter assigned to build foundation 
forms. There~ore, a simplified tracing of outlines and 
dimensions pertaining only to the foundation was made. 
See Fig. D-5, Drawing Supplement. A list specifying 
lengths and sizes ot ~oundation bolts was supplied to 
the machine shop. 
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3. Several alternate arrangements of high pressure 
pipe ~ittings and valves were drawn and referred to the 
superintendent for acceptance. See Fig. D-6, Drawing 
Supplement. 
4. Reference points for centerlines of the new 
compressor were established with transit and tape. 
Outlines of the compressor foundation were marked on the 
floor or the compressor house for the guidance of 
excavation work by the construction crew. 
5. After forms ~or the foundation had been con-
structed and templates tor the foundation bolts had been 
set, every detail of the form was checked ~or elevation 
and proper alignment. 
6. Details of a special 90-degree welded fitting 
which was to be fabricated by a local machine shop were 
drawn up. 
7. After forms had been removed from the concrete 
foundation, bolt positions and all parts of the founda-
tion were again checked for elevation and alignment. 
8. While the compressor was being assembled, 
constant supervision was maintained to make certain that 
centerlines o~ drive shafts, cylinders, and intake and 
discharge pipes conformed with those established by 
transit in the preliminary work. Wedged shims driven 
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beneath the main castings permitted delicate leveling of 
all parts of the compressor. A~ter final inspection 
revealed that all parts were in their proper positions, 
approximately one inch o~ cement was grouted beneath 
base castings to permanently support the compressor in 
its final position. 
Fan Installation 
Fig. D-7 shows the ~oundation piers, motor shed, 
track layout and reintorced concrete portal which were 
designed previous to the installation of the Aerodyne 
8-60 fan in the mouth of the No. 4 tunnel. 
106. 
Designing and Drarting 
Drafting Methods 
With but few exceptions, all problems requiring 
graphic presentation are referred to the engineering 
department of the Sunshine mine. Mine mechanics, 
mill mechanics, machinists, electricians, trackmen, 
construction crews, and carpenters all undertake pro-
jects which must be designed and drawn up berorehand. 
Full advantage is taken of that aptness or an engineer 
to grasp a pencil and illustrate ideas, which confirms 
the adage "that a picture is as good as a thousand 
words". The pictorial medium of discussing ideas is a 
valuable aid to those in authority whose time must be 
utilized with utmost efficacy. Frequent requests are 
made ror preliminary designs or alternate sketches 
to aid in the clarification or ideas which are pre-
sented in discussions. All members or the engineering 
department are capable draftsmen. However, most of 
the designing and drafting is assigned to one member 
who devotes much of his time to that rorm ot work. 
The style of presentation may be classified as 
typical engineering drafting inasmuch as techniques 
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characteristic of structural, architectural, mechanical, 
and topographic drafting are employed. The degree of 
elaboration depends somewhat upon the nature of the 
item or structure drawn. Drawings which are made for 
publication in annual reports and mining periodicals 
are meticulously rendered. See Figs. D-2 and D-7, 
Drawing Supplement. Drawings of such equipment as 
shart cages, which will be referred to for repeated 
construction, are traced on cloth in ink to insure per-
manence, while drawings of a more temporary nature are 
made with hard pencil (2H and 3H) directly upon a trac-
ing paper or good quality which withstands erasure and 
is amenable to inking. The latter procedure eliminates 
one step in the usual process of first drawing and 
then tracing a subject. Color is occasionally employed 
to aid in interpretation as in the case of assay maps, 
pipe diagrams, and assembly drawings. See Fig. D-4 
and Fig. D-12, Drawing Supplement. When numerous 
dimension lines and centerlines complicate an outline 
drawing, such lines are drawn in red upon a tracing 
and will be satisfactorily subdued when black-line 
prints of the tracing are made because of the dirter-
ential transparency or co~ored lines to carbon-arc 
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light. Drawings are indexed and riled under numbers 
prerixed with classirication letters such as "J" for 
~ewe11 shaft drawings. Fig. 25 is an index card upon 
which descriptive information is entered for riling 
purposes. 
The ro1lowing titles and brief descriptions of 
drawings and tracings are taken rrom the files or the 
engineering ottice and reveal the variety of subjects 
which are treated: 
Surface Drawings 
Hoist Building. Seven ink tracings on cloth 
showing erection diagrams and details or purlins, girts, 
channels, columns, and root trusses for hoist building. 
Skip Change. Penc11 tracings on paper showing 
plans, elevations, and details of trolley-beam, columns, 
catwalks, and steel bracing. This structure was de-
signed to permit the interchanging or skips and double-
cage assemblies at the collar of the Jewell shaft within 
the headrrame. 
Warehouse. Four pencil tracings on paper showing 
plan, elevations, erection diagram, and details of 
roundation and steel members. 
Furnace Shed. Two pencil tracings on papers 
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SUNSHINE MINING COMPANY 
ENGINEERING DEPARTMENT 
suBJECT: Skip Change 
Guide Latches and Hinges Soal.e :f"= 1' 0" 
CABINET Drawing Drawer F-2 
FILE NO. J - 59E 
NOTE BOOK oATE Sept. 20, ~940 
REMARKs: Pencil tracing o-r construction details -ror 
hinges, ~atches and locks -ror wood shart 
guides. 
FIG. 25 Drowi ng Index Cord 
showing plans and elevations ot steel shed to house 
furnace. Details of trusses, columns, foundations, 
and purlins are also presented. 
Idler Sheave. Ink tracing on cloth showing details 
o~ 36-in. idler sheave tor ~ewell head~rame. 
Throat ~ Discharge Liners ~ Ball Mill. Ortho-
graphic projection and sectional views ot castings ot 
liners for ball mill. Ink tracing on cloth. 
Mill Flow Sheet. Ink tracing on cloth diagrammat-
ically portraying process ot milling ore. 
Underground Subjects 
Station Landing-Chair. Pencil tracing on paper 
showing general arrangement and details of landing 
chairs tor ~ewell shaft stations. 
Safety Device tor Skips and Cages. Ink tracing 
on cloth showing assembly, sectional views, and de-
tails ot flat-leaf springs, draw-bar, and safety dogs 
as installed in the crosshead of the cages and skips 
of the ~ewell shaft. See Fig. D-8, Drawing Supplement. 
Cherry Picker tor Lifting Weights. Pencil tracing 
on paper showing construction of air cylinder. Exploded 
and part-sectional Yiews are used to show details and 
assembly of parts of piston and cylinder of deYice for 
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lifting loaded cars and battery boxes in mine. See Fig. 
D-9, Drawing Supplement. 
Pneumatic Column. Ink tracing on cloth showing 
part details and assembly view of pneumatic columns 
used on drill carriages. See Fig. D-10, Drawing Sup-
plement. 
Drill Carriage (Jumbo). Pencil tracing of assembly 
views and details or steel parts o~ carriage. See Fig. 
D-11, Drawing Supplement. 
Square-set Timber ~or Ventilation Raises. Ink 
tracing on paper showing details o~ framed timber and 
plan and elevations of assembled sets. See Fig. D-12, 
Drawing Supplement. 
Skio Trailer for Jewell Shaft. Ink tracing on 
paper showing plan, elevations, and sections o~ steel 
skip trailer. See Fig. D-13, Drawing Supplement. 
3700 Waste-pocket Measuring Cartridge. Pencil 
tracing on paper showing general installation or steel 
cartridge and chute in waste-pockets or Jewell ehaft. 
Detailed views o~ side plates, gates and chute aprons 
are also shown. See Fig. D-14, Drawing Supplement. 
Designing 
Design problems are as varied in nature as the 
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drawings hereto~ore listed. A rather broad and basic 
knowledge o~ mechanics and structural design is essen-
tial in the solution of most problems. The following 
outlines or designing procedure for typieal surface 
and underground projects disclose the nature and solu-
tion ot problems which may be encountered in mining 
engineering: 
Construction or a Steel Furnace Shed 
1. Preliminary Work. A survey or the selected 
site for the furnace shed was made, and levels or all 
dominant features were taken. Plans and elevations 
showing adjacent buildings, retaining walls, and tracks 
were drawn. Elevations or important points were noted 
on the plan. 
2. The position o~ the foundation tor the brick 
furnace which was to be enclosed was selected and drawn 
upon the map. After careful consideration of all 
details of the furnace which would affect the design or 
the building such as chimneys, headroom, and convenient 
location 0~ coal bins, the general dimensions or the 
building and distances between trusses were ascertained. 
A fireproof design was imperative. 
3. A standard simple-Fink truss of i" x 2" x 2" 
113. 
angles was selected. All roof trusses of Sunshine mine 
buildings are constructed at i pitch. With given panel 
areas the ~aximum load to be borne by the trusses was 
calculated. This calculated total load included weights 
or truss, purlins, root covering, snow load, wind load, 
and the possible additional load or a 1-ton trolley 
beam to be suspended trom the apex or the truss. Fig. 
26 is a force diagram showing how the tension and com-
pression ot various members was graphically determined. 
If an additional 2000 lbs were not calculated ~or the 
downward force acting on the apex ot the truss, tables 
given in steel handbooks could have been consulted to 
determine relative stresses. In such members as the 
upper and lower chords where maximum stresses were noted, 
double angles were used in construction, while other 
members withstanding less stress were constructed ot 
single angles. 
4. Since the length or the bays of the truss was 
necessarily 15 ft., 6-in. channels were used tor purlins. 
Smaller channels could have been used had the bay 
length been less. 
5. Owing to the simple nature or the structure, 
the balance ot the design did not entail ditticult 
calculations for columns and other members. Particular 
114. 
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emphasis was placed on a simplicity or design which 
would produce desired rigidity and involve a minimum 
amount ot labor ror ~abrication and construction. 
Accordingly details for roundation piers, base plates, 
columns, eave struts, rafters, gusset plates, clips, 
and purlins were drawn and dimensioned. See Fig. D-15, 
Drawing Supplement. Prints ot the drawing were sub-
mitted to construction crews. 
6. Center lines and elevations of roundation piers 
were established with transit and tape. Position ot 
foundation bolts on retaining wall were marked ~or 
drillers. Full cooperation was given to the construction 
crew to insure proper plumbing, alignment, and leveling 
ot all parts ot the building. 
The Design of a Skip Trailer 
When the practice o~ interchanging a double cage 
assembly tor a skip and trailer was adopted, a light 
trailer tor the transportation of men was constructed 
to be suspended beneath the skip. See Fig. D-13, Drawing 
Supplement. One important purpose ot the skip-changing 
procedure was to eliminate the dead weight of the ~ormer 
heavy cage which followed the skip during the hoi8ting 
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of rock. In order to decrease the weight of the trailer, 
rolled 3/16" plate was used to replace the heavier 
standard steel sections usually employed. Angle clips 
for joining members together were eliminated by provid-
ing winged extensions on the rolled members. The finnl 
assembl·r o~ the deck and sides resembled a box-like 
structure which was sufficiently strong because of the 
depth of section provided to support the deck and yet 
was adequately rigid because of the unique reinforcing 
errect produced by the overlapping of members at joints. 
Substitution of the trailer for the former cage decreased 
the weight of the skip assembly by approximately 1635 
pounds resulting in a considerable saving of power dur-
ing the hoisting of ore and waste. 
Since the mine machine shop was not equipped to 
roll plate, the trailer drawing was carefully checked 
for clearness, accuracy, and completeness before it was 
sent to the steel shop which undertook the fabrication 
and construction of the trailer. 
The Design of Mine Timbering 
The design of square-set timbers such as that used 
in the ventilation raises of the Sunshine mine (see Fig. 
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D-12, Drawing Supplement) was not based on theoretical 
calculations, but rather upon sound judgment. Exper-
ience with timbering in the Jewell shaft indicated that · 
at least four compartments oriented north and south 
could capably withstand ground pressures. The position 
of ventilation raises in the hanging wall away from the 
vein eliminated the danger of . intense side or end 
pressures. A simple, cheap type of framing was selected 
which allowed timbers to retain full strength in resist-
ing lateral and vertical pressures. The type of framing 
adopted also permits the addition of one or more compart-
ments to the ends of the raises. In one instance a 
third compartment was added to serve as an inter-level 
waste transfer. 
The tracing and prints showing a plan view, ~leva­
tiona and details of the members were made and submitted 
to the timber-framing shop. The quantity and size of 
members required for each set were tabulated. 
Fig. D~l6, Drawing Supplement, is a print of ·a 
preliminary sketch used in the design of timbering for 
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the No. 4 winze which included a station set, rope raise, 
and waste pocket. This type of isometric drawing is 
adapted from the construction drawings of steel structures 
where the centerlines or all members are similarly 
indicated. Essential features or a structure can be 
quickly visualized. Since raise timbering is framed 
differently than shaft timbering, owing to the mode o~ 
installation, the type or framing or all joints at or 
near the shaft stations must be designated, particularly, 
where one end of a post is to be framed for shaft 
timbering and the other end is to be framed for square-
set timbering. 
Design of a Measuring Cartridge 
ror the ~ewell Shaft 
The rollowing is a list or limiting ~actors which 
were observed in the design ot a waste-pocket measuring-
cartridge which was installed in the Jewell shaft: 
1. A minimum amount of ground was to be opened to 
make the installation. 
2. The capacity of the cartridge was to equal 
that of the Jewell skips. 
3. Standard aprons, gates, and air cylinders were 
to be incorporated in the design. 
4. Adequate timbers to give vertical and horizon-
tal support were to be installed in such a manner that 
they would in no way interfere, weaken, or bear upon 
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shaft timbers. 
5. The steel parts of the cartridge were to be so 
made that underground assembly without the aid or 
electric welding equipment would be possible. 
6. The size of cartridge parts was not to pro-
hibit their transportation down the shaft in cages. 
?. Plate used was to be thick enough to withstand 
abrasion. 
8. The installation was to be sufficiently simple 
to permit a change-over ~rom the rormer system o~ load-
ing waste without holding up the disposal of development 
waste. 
9. The design was to be flexible enough to take 
into account any "diamonding" which might have been 
produced in shaft timbering by slight ground movements 
rollowing shaft sinking. See Fig. D-14, Drawing Supple-
ment 
Mine Track Lay-Out 
Problem assigned: To lay out a crossing or three 
intersecting tracks, one or which was a main haulage 
way, and to design and detail a cross-over for shop 
mechanics. 
Given: Accurate survey notes ot drifts and crosscuts 
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at junction. Bearings o~ center lines o~ tracks were 
as ~ollows: 
3100 Crosscut •••••• 
3100 Drift ••••••••• 
3106 s. Crosscut •••• 
N. 45•46' W. 
N. as• 4' w. 
s. 16•16' w. 
Limitations or the problem: Cast frogs (not tabricated) 
were round to be most satisfactory. These were carried 
in stock in the following sizes for 20-lb. rail: 
!i2.· of Frog Frog Angle 
2 • • • • • • • • • • • • • 28• 04' 21" 
2-§- • • • • • • • • • • • • • 22• 37' 12" 
4 • • • • • • • • • • • • • 14· 15' 0" 
Since delivery o~ other size ~rogs was slow, it was im-
perative that some combination o~ the above frogs be 
used. The rrog angle at the heel of the frog became of 
critical importance in the solution of the problem. 
Procedure: 
1. An accurate drawing based on survey notes was 
made showing the drift and two crosscuts at their point 
ot intersection. See Fig. 27. 
2. It was immediately perceived that the frog with 
the smallest angle would be necessary at point 'D' and 
a #4 frog was accordingly selected. The radius of cur-
vature of the outer rail connecting the 3100 drift and 






FIG 27 MINE TRACK LAY-OUT 
122 • 
where R ; Radius of curvature 
G = Track gage - 18" 
N = Frog No. 4 
R = 18 x 16 = 48 rt. radius of curvature 
6 
3. By careful construction with a beam compass 
points of tangency G and H were determined and also the 
center of curvature. 
4. Points H and I were the most logical positions 
for switch points. Consequently point I was chosen as 
a point of tangency on the outer track of the curve which 
was to connect the 3100 crosscut with the 3106 South 
crosscut. By construction with a beam compass point 
B was located and the radius of curvature 39.9' deter-
mined, also the position of the point or tangency K. 
5. It was then possible to calculate the angle 
formed by the intersection of the two outer rails, i.e. 
the angle included between the tangents to these two 
rails at their point or intersection. Rarer to Fig. 
28. The chord distances HM and IM so nearly coincided 
with the corresponding subtended arcs because of the 
large radius ot curvature that the arcs HM and IM 






FIG. 28 SKETCH FOR TRACK CALCULATIONS 
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FIG. 29 SKETCH FOR TRACK CALCULATIONS 
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employing radian measurement angles A and B were read-
ily determined as follows: 
HM - 7.9 (very nearly) 
IM = 7.9 (very nearly) 
Angle A = 7.9 = 0.16458 radians 
48 
Angle B = 7.9 - 0.19799 radians 
39.9 
Angle A + B - 0.36257 radians = 20• 12' 27" -
Geometrically it can be shown that Angle (A + B) = Angle 
(X~ Y). This value was sufficiently close to 22• 37' 
12" to permit the use of a #2! ~rog. 
6. The angle included between the two tracks at 
cross-over F was measured with a protractor and eon-
firmed by the following calculations. See Fig. 29. 
Arc KT was sealed carefully and found to be 4.583'. 
Angle B = 4.583 : 0.11706 radians = o• 42' 25". 
39.15 
Bearing of TS tangent to center line o~ track at 
T • 6• 42' 25" + 16• 16' = N.22• 58' 25" W. 
Crossover angle : as• 04' - 22• 58' 25" : 65• 05' 35"• 
65• was selected as being suitably accurate. A crossover 
design was delivered to the machine shop ~or fabPication. 
See Fig. D-17, Drawing Supplement. 
7. Center lines of tracks, points of tangency, 
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positions of frogs, switch points, and the ce~terlina 
of the cross-over were located ~or the track crew with 
transit and tape. This completed the responsibility 
of the engineering departme~t. 
Comparison of Costs of Steel 
and Concrete Beams 
Problem Involved: 
Durine the preliminary design of a concrete floor 
o~ a dry building it appeared probable that a rein~orced 
concrete beam might be cheaper than a steel !-beam 
necessary to supnort the 20 ft. x 12 ft. slabs of which 
the floor was composed. The ~loor was to rest upon a 
filled area which would settle 1n t1me. Consequently 
the supporting members were considered as beams of 20 
ft. span unsupported in the middle. 
Solution of the Problem: 
It was first necessary to design a concrete beam. 
The structural formulas involved were taken from the 
"Illinois Pocket Companion". 
The uniform load on the floor including the weight 
of the concrete was estimated to be 100 lbs. per square 
ft. 
126. 
Maximum bending moment. 
M = 720,000 in.-lbs. 
w = 100 lbs. per lin. inch. 
1 = 240 inches. 
The width o~ the beam was arbitrarily selected 
as 12 inches. 
Depth of section. 
d = v M: + rs p J b 
d - 20.8" 
-
f 8 P J = 138.69 (From table in Pocket 
Companion) 
b = 12" 
Area or reinforcing steel. 
As = M/tsjd = 720,000 
15,600 X 20.8 
As = 2.22 sq. in. and is equivalent 
to 3 round bars auprox1mately 
1 inch in diameter. 
The following sketch, Fig. 30, illustrates the 
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The cost of concrete and reinforcing steel tor 
such a beam was estimated as follows: 
Volume ot concrete = 40 cu. rt. = 1.5 cu. yds. 
1.5 cu. yds. at $12.00 •••••••••••••••••••$18.00 
Cost of steel reintorcing,l60 lbs. at 5¢ •• 8.00 
Total cost, including labor ••••••••••••••$26.00 
This cost per cu. yd. was based on the average cost 
determined by the accounting department and includes 
the cost ot the aggregate, building of forms, labor, 
and supervision. 
According to tables on page 240 ot "Illinois 
Pocket Companion", a 12 in. - 40.8 lb. !-beam would 
be necessary to support a similar load over an equal 
span. 
Cost ot !-beam: 
20 x 40.8 = 816 lbs. at 5¢ : $40.80 
The Design ot a Drill Carriage 
{~umbo) 
Considerable torethought must be given to the 
general design of an experimental piece or equipment 
before construction details are drawn. In the case of 
the jumbo (see Fig. D-11, Drawing Supplement) which has 
been successfully operated tor approximately six months, 
a thorough study of several available designs of drill 
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carriages . was first made. The purpose of the jumbo was 
primarily to promote speed and efficiency in the driving 
of important development crosscuts and drifts without 
demanding a corresponding increase of expended effort 
on the part of workmen. The following ideas which were 
incorporated in the design of the new jumbo resulted 
from several preliminary discussions during which the 
merits of numerous features were considered: 
1. The jumbo was to be so constructed that it 
could be moved in parts and assembled underground. 
2. The jumbo was to possess sufficient weight 
so that by reason of its inertia and with the aid of 
steel stakes it would resist the vibration and thrust 
produced by the operation of two, and possibly four, 
heavy drills. 
3. A three-inch cross bar placed at the front end 
of the boom was to be so welded in position that either 
one or two columns could be attached. 
4. Pipe fittings for air, water, and oilers were 
to be rigidly and conveniently installed. They were 
to be recessed as much as possible to protect them from 
falling rock or steel. 
5. The columns were to be so mounted that they 
could be tilted before and after use. 
129. 
6. The boom was to be placed high enough to per-
mit free movement of the lower drill beneath it, and 
not too high to interfere with upper drills when they 
were being set for down-cut or burn-cut holes. 
?. The length was to be made as short as possible 
without permitting overbalancing and forward tilting 
when the machines were mounted in place. 
a. Where possible, standard steel sections such 
as channels and angles were to be used to simplify 
construction for the machine shop. Standard pipe 
fittings which could be replaced readily were to be 
used instead of specially fabricated manifolds. 
9. Sufficient weight was to be added to the 
rear end of the jumbo to balance any excess weight of 
the boom, columns, and machines. Calculations were 
made to determine the stability of the jumbo and to 
estimate the weight which was placed in the rear end. 
Moments to the right and left of the front axle, 
which was regarded as a fulcrum, were calculated. 
Symmetrical parts with equal weights and equal moment 
arms on opposite sides of the fulcrum were disregarded. 
See Fig. 31. 
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Moment Arm Left Moment Arm R i ht 
48" 
FIG. 31 SKETCH FOR CALCULATION OF JUMBO STABILITY 
Part 
2 Posts 
2 Short Uprights 
2 Tail Channels 
2 Cross Channels 
2 Truck Channels 
1 Back Channel 
2 -!-" Clips 
2 Wheels and axle 
3 i" Cover Plates 
1 -i" Cover Plate 
2 Angles tor Axles 
2 Boom Arms 
X-Braces Members 
2 Columns, 2 Arms, 
2 Clamps, 2 Safety 





Spreaders on Boom 
Bottom Plate 
Bottom Plate 
2 Post Clips 























































































15,215.7 in. lbs to 
Right 
Since the position or the balancing weight was to be 
about 48" to the lett ot the tulcrum, the weight would 
necessarily be in excess or 15,215.7, or 317 lbs. Several 
48 
discarded ball mill liners were used for this purpose. 
132. 
Periodic Reports 
The engineering office is a clearing house for 
statistics and information on mine production and 
operation. Some of the information is received in the 
form of daily reports from the assay office, mine 
shift bosses, and other employees. However, mo·st of 
the material is gathered by engineers and samplers who 
present their observations, measurements, and subse-
quent calculations in the form of daily or periodic 
reports. Copies are distributed to the superintendent, 
shift bosses, office clerks, or responsible employees. 
-The nature of these periodic reports is disclosed in 
the ensuing examples. 
Stope Inspection Reports 
An · engineer is assigned to inspect all stapes 
weekly and submit reports revealing mining advance, 
character of ore, nature of wall rock, condition of 
timbering, amount of waste filling, average assays for 
stoped ore, and any additional observations. Such a 
system has a distinct advantage over similar reports 
by shift bosses in charge of stoping because the 
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responsibility is ~ixed upon one person and the inror-
mation is regularly and uniformly presented. The follow-
ing excerpts were taken from a typical stope report: 
Stope Inspection 
The stapes were inspected and this report includes 
the average assays of November 8 to 14, inclusive. 
1000 - 7 Stope (Average Assay 21.9 Ounces) 
Four rounds have been blasted on the west end or 
the stope, and the 12th set east ot the 8 Raise is in-
stalled on the gob cap and ~irst floor. A manway is 
being placed between the 11th and 12th set. The brow 
has tour veins totaling 10 inches in a 9-rt. width. 
Only a small amount or grey copper is exposed. Chute 
lips are being placed in the 1000 drift west or the new 
man way. 
1200 - 10 Stope (Average Assay 22.2 Ounces) 
At 93 tt. above the 1200 sill, 3 sets are installed 
east ot the 16 Raise. The 7' race contains a total of 
1.5' of vein near the footwall and 4.5' of hanging wall 
waste. At 84' above the sill, 8 sets are installed and 
the 7' width contains one ft. of vein which is weak in 
grey copper values. 
Two sets are installed in the lower east section 
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at 57' above the sill and east of the follow-up manway. 
The 7' face contains 2.5' o~ vein which carries good 
values in grey copper. At 48' above the sill the floor 
has advanced to 6 sets east of the manway. The 10' face 
contains 1.5' of vein which bears ~air values o~ tetra-
hedrite. 
2500 1 Stope (Average Assay - None) 
A row of caps is being installed in the west joker 
chute of the 1 Raise. The brow shows 4' o~ vein carry-
ing fair values in grey copper. 
Submitted by L.H.J. 
It during the course of inspection a face appears 
to be barren, the stope engineer cuts a sample and pre-
sents a Stope Assay Report (see Fig. 32) to the general 
mine ~oreman recommending continuation or discontinua-
tion or mining at a particular face. 
Powder Reports 
A record of all rounds blasted in the mine is tab-
ulated daily by the stope engineer. This record includes 
the number or sticks, primers, and holes for each round. 
Whenever there is evidence or excessive consumption o~ 
powder, the following memorandum is ~illed out by the 
135. 
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STOPE ASSAY REPORT 
STOPE; 1.5 LEVEL: 2300 
FLOOR l.Oth FACE • 20' E. of R. 
CUT : 5 ft. ASSAY= 27.1 oz. 
MINING SHOULD be 
CONTINUED East ON THE lOth 
FLOOR. 
General Mine Foreman 
RECEIVED a CONTENTS NOTED 
Shift Boss 
Return lo Supl. Off1ce 
FIG. 32 Stope Assay Report 
stope engineer and submitted to the general mine ~ore-
man. See Fig. 33. 
POV,DER MEMOR.ruiDUM 
Date Deo. 1, 194lshitt Day 
------
Location 3100 - 10 Stope 
Operation __ s __ t~op~i_n~g ________________ __ 
Powder 120 stiCks Primers 1.2 
-----
average Stioks/Ho1e ______ 1_o ________ __ 
Recommendations Reduce powder used 
to 8 sticks per ho1e. 
Fig. 33 Powder Memorandum 
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Monthly Timber Count 
For accounting records it is essential that mine 
timber consumption be classified. The quantity of tim-
ber required for development work is segregated from 
that used for stoping. Because of the large quantity 
of timber which is used monthly and because stope and 
drift timber members are alike it is very dif~icult to 
keep an accurate record of the destination and ultimate 
use of timber which is lowered. Therefore, a monthly 
count of development timber is made by an engineer. 
Special nails are driven into new sets of drift and 
crosscut timber to identity them. Repair timber is 
also counted and is recognized by the absence of marking 
nails and by such evidence as new wedges, headings, and 
the absence of "squeeze". 
From progress reports the feet ot raising can be 
accurately determined. An estimate is made based on 
average quantities or timber required per ten feet or 
raising. Shaft timber is of special design and cannot 
be used in other working places. Consequently the quan-
tity of shaft timber used can be determined from progress 
reports. The quantity of development timber is sub-
tracted from the total timber used in the mine to obtain 
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the quantity ot timber used in stoping tor a month. The 
report classifies timber consumption under new and re-
pair drift timber, new and repair crosscut timber, new 
and repair raise timber, and ventilation timber. See 
Form 6 in Appendix Folder. 
Monthly Progress Reports 
Each month a report is compiled which lists teet 
of advance for drifts in ore, drifts in waste, raises 
in ore, raises in waste, crosscuts in waste, shafts in 
waste, and diamond drilling. The number of cu. tt. ot 
rock removed for sumps and stations is also included. 
See Form 7 in Appendix folder. 
Development Weekly Reports 
The advance and cost of development work is listed 
on a weekly development report which includes place or 
work, location ot face, feet advanced, number ot rounds 
blasted, average feet per round, total cost of powder, 
cost of powder per foot. This information is summar-
ized on the last report for each month. See Form 8 in 
Appendix Folder. 
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Mine Drainage Reports 
Each week meters which measure the water piped 
into the mine for drilling and drinking purposes are 
read. Weir measurements are taken. Power consumption 
of all 8-stage pumps is measured. The number of hours 
which these pumps operate is determined from tally 
sheets which are posted at pump switches. This infor-
mation is summarized in weekly mine drainage reports. 
See Form 4. 
Bit Count Reports 
An inventory of all bit racks in underground 
lockers is taken weekly and reported on a bit count 
report sheet. See Form 9. 
Ventilation Re~orts 
The information included in this report is dis-
cussed under Mine Ventilation. Form 5 is the form upon 
which such data is recorded weekly. 
Contract Settlements 
The engineering department records the dates and 
advances of all drifts, raises, and crosscuts which are 
140. 
driven by contract crews. Form 10 is a rorm upon which 




Two types of samples are taken underground daily 
to supply information necessary for production records 
and for the geologic records which are consulted when 
ore reserves are calculated and when new stoping ground 
is opened up. 
So-called grab samples are taken from cars which 
remove ore from raises, transfers, drifts, and stopes. 
Boxes are placed at chute lips and station grizzlies into 
which representative samples are deposited. The samples 
are gathered, cut, labeled, and sent to the assay office. 
A mine sample assay sheet is compiled daily which records 
the following information: 
Oz. Silver No. of 
Sample No. Per Ton Cars Level Place 
100 32.1 40 1100 16 Transfer 
101 20.1 17 2500 22 Stope 
102 35.0 16 1500 East Dri:t't 
103 27.5 16 1500 10 Raise 
A car factor is calculated on the basis of ton-
nages hoisted and milled for a month. The number o:t' 
cars of ore removed from a working place multiplied by 
this car factor indicates the tonnage actually extracted. 
A similar correction factor based on total ounces con-
tained in the mill heads for a definite period is 
likewise applied to the ounces produced from various 
working places. The chief purposes of grab samples are 
to aid in maintaining a proper grade of ore and to per-
mit the computation of production statisticso 
Cut samples are taken from drift faces at approx-
imately 5' intervals and in raises at approximately 10' 
intervals. Occasionally faces of stopes are sampled 
also to determine the values present. Fig. 34 is a 
sheet from a sampler's notebook showing the important 
items which are noted. 
The technique of sampling employed is known as chip 
sampling. The refinements of cutting true channel 
samples are not applicable to the Sunshine vein because 
of the spotty character of the ore and because of marked 
changes in width of the vein. A uniform cut is made 
across the face at right angles to the vein so that 
numerous chips of both vein and waste in representative 
proportions may be caught in a canvas butterfly. Assays 
for cut samples are recorded on the daily sample assay 
sheet as follows: 
143. 
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Oz. Silver Width 
Sample No. Per Ton Vein Cut Place 
110 41.2 1.3 6.0 900 E. D. 
111 21.7 3.7 5.0 3100 1 Raise E. 
112 31.5 3.9 7.0 3100 1 Raise w. 
A record o~ mine cut samples is kept up to date. 
See Table 2. The usual practice ot weighting assays by 
width of sample cut is observed in the calculation ot 
average assays. Calculations o~ average assays and 
average widths tor a portion ot the 2600 West drift are 
shown at the bottom ot the record sheet. 
An assay plan map which is of considerable geologic 
importance is plotted from the information contained in 
the record ot cut sample~ and from the sketches made on 
the sampler's notebook sheets. See Fig. 5. 
sm:.'l-39 
Date'---1_0_:_/_2__:.7 /_3_9 __ ,No..___~1.....::5.....::1:::.__8_9_· _ _ 
Sunshine Prope~Y---------------------------------
Mme wo,.kin,._ __ 2_6_00 ____ W_e_s_t __ D_r __ i_t __ t __________ _ 
Fo,.mat•on ____ S_t __ •__ R_e_g _ i_s __ Q;_u _ a_r_t_z_._i_t_e ______ _ 
Wtdth Vetn 1. 6 t 
s 7o• 
DiP·----------
Wtdth Stope 5 • 5 1 
N 87• W Stl'tke _____________ _ 
Located 15 9 • 5 
Cut No:rm"Long 
N. E. Above 2 57 
Feet S. W. Below Sta •. ___ 6 __ _ 
5 • 0 1 W ide 2" Deep 111 
Sample,. Wise 
Remal'ka: Q,tz • 
-----
vein cuts ta 
Chiet1y Sid. 
Little Py. 
Au. Cu. Pb. Zn. 
_______ No. 15189 
Au. Cu. Pb. Zn. 
Fe. 
Fe. 
FIG 34 SHEET FROM SAMPLER'S NOTEBOOK 
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RECORD OF MINE OUT SAMPLES 
Estimation of Ore Reserves 
The present system of estimating ore reserves is 
the result of . the trial and revision of methods which 
at first were highly refined but somewhat unsatisractory 
because of the irregular, lenticular nature of the ore 
body and frequent changes in the character of wall 
rock which produced unanticipated dilution of ore. 
Likewise, the irregular distribution of tetrahedrite 
did not justify elaborate methods of calculating values. 
Consequently present reserve estimates are made in terms 
of tonnage only for this factor, more than any other, 
affects future planning and the lire of the mine. 
No doubt some question might be raised as to the 
adequacy of this system. However, when it is realized 
that as many as 55 stopes may be in operation or pre-
pared for operation during any one month, and that no 
one stope supplies over 5% or the total ore, it can 
readily be seen that the average grade of ore will be 
fairly uniform. For instance the average grade or ore 
has been approximately 30 oz. per ton for the past two 
years. In v~ew of this fact an estimate of values can 
be obtained by multiplying reserve tonnages by the 
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average grade of ore. Some adjustments for a change 
in trend of average values can be applied. 
Two factors which affect the estimates of reserve 
tonnage are the average mining width for a particular 
area, and the presence of sufficient values to classify 
ground as ore. Sample records and assay plan maps are 
consulted to locate exposures of ore blocks in raises 
and drifts. A minimum value is used to classify rock 
exposures as ore or non-ore. This value will neces-
sarily change with the price of silver and the cost of 
mining. 
148. 
Although average width affects the reserve estimates, 
it is not determined directly. Instead, a tonnage factor 
is calculated by dividing the total tonnage removed from 
a stope by the area stoped as measured on a map drawn 
in the plane of the vein. The total tonnage removed is 
obtained from daily ear sample records. Stoped areas 
are calculated from scaled measurements, or, in the case 
of irregular stopes, such areas are determined with a 
planimeter. This tonnage factor is then applied to an 
adjacent block of reserve ore. 
In order to illustrate more specifically how such 
factors are applied an imaginary stope map has been 
drawn showing several types of reserve blocks. See 
Fig. 35. 
Case I. Block E. The boundary of this block 
would be determined by assays of cut samples taken from 
the assay plan maps of the 2200 and 2300 levels and from 
the assay records for the 2300 8-Raise. The tonnage 
factor for Block E would be the quotient of the total 
tons removed from Blocks A, B, C, and D divided by the 
total stoped areas of these blocks. Estimated reserve 
tonnage for this block would then be the planimeter 
area of 17,500 square ft. multiplied by the controlling 
tonnage factor (0.61 is common) or 10,675 tons. 
Case II. Block F. This reserve block would have 
originally been estimated by the method applied for 
Block E. However, as stoping progressively reduced 
this area, a more accurate factor by reason of the 
closer proximity of Stope D could be applied to the re-
maining reserve block. In this manner estimates of 
reserve tonnage are constantly revised as more accurate 
information permits the calculation of more reliable 
tonnage factors. 
Case III. Block G. Ore distribution such as that 
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in certain sections of the Sunshine mine. Sample re-
cords might indicate a marginal distribution of ore, 
but an internal pattern must be conjectured betore 
estimates can be made. Irregular bulges and constrictions 
ot the vein are often observed and are entirely un-
predictable. Therefore experience has shown that an 
adequate, temPorary estimate for such a block can be 
made by dividing the area by two and applying the aver-
age tonnage factor tor the mine until adjacent or in-
ternal stoping supplies more complete information upon 
which more accurate estimates can be based. 
Reserve estimates are tabulated as follows: 
Reserve Area Tonnage 
Reserve Block Sq. Ft. Factor Reserve Tons 
E 17,500 .61 10,675 
F 10,000 .63 6,300 
G ( t) 15,000 .61 9,150 
Total Reserve Tonnag e ••••• 26,125 
Miscellaneous Functions 
Photostat Work 
Whenever duplicate copies o~ documents, maps, 
charts, tables or drawings are required, photostat 
copies are printed on the equipment in the engineering 
o~fice dark room. Special trigonometric tables, equip-
ment diagrams, conversion tables, and characteristic 
curves for mine equipment are thus duplicated. 
Blackline Printing 
A carbon are printing machine is used to print 
blackline duplicates of tracings. Record forms for 
some periodic reports are also printed in this manner 
from tracings. 
Publication of Articles 
In some instances editors of mining periodicals 
request articles on some o~ the interesting projects 
undertaken by the Sunshine Mining Co. Such articles 
are prepared by members of the engineering department. 
In other instances visiting editors may be conducted 
through the mine and supplied with information for 
articles. 
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~iling o~ Hoist Operation 
Charts 
So-called "tattle-tale" charts which ind~cate the 
movement and position o~ cages anc skips in the Jewell 
shaft at all times are ~iled daily in the engineering 
of~ice. This type o~ record is exceptionally convenient 
ror studies o~ shaft tra~~ic. Average acceleration rates 
and hoisting cycles can be computed ~rom the zig-zag red 
lines which are traced upon the charts and correspond 
to positions o~ cages and skips at all instances. 
Conducting Visitors Through the 
Mine and Plant 
Geologists, mechanical engineers, m~ning engineers, 
and students who visit the property are ~n most cases 
conducted through the mine and sur~ace plant by members 
of the engineering department. Such contact with tech-
nical men o~ other districts is a distinct ad~antage 
because o~ the opportunity for exchanging ~deas. Visit-
ing members o~ the U. s. G. s. may point out minor 
structural relationships to ore deposition which have 
been or definite significance in other districts. ~ech-
anical engineers may at times request blueprints o~ 
success~ul designs o~ mechan~cal deta1ls and, in turn, 
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may offer prints or equipment which might be adapted 
to the Sunshine mine. 
Recapitulation of Production 
Statistics 
Production statistics which are received from the 
administration o~~ice are classi~ied and recorded so 
as to show production in tons and ounces per level. 
Each stope, drift, and raise is likewise credited with 
the tonnage and ounces extracted therefrom. Tonnage 
~actors ~or computing reserves are calculated on the 
basis o~ these statistics. The annual report to stock-
holders contains statistics drawn ~rom these records. 
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SUNSHINE MINING CO. 
ENGINEERING OFFICE INVENTORY 
1 Alidade, A. Lietz Co., Serial No. 8662 
1 Wye Level, with tripod, c. A. Berger Co., Serial 
No. 6738 
1 c. L. Berger Mine Transit with side telescope and 
split leg tripod, Serial No. 21225 
1 Gurley Mine Transit with side telescope and split 
leg tripod, no serial number. With micrometer head. 
1 K & E Leveling Rod, with target, Type 6268tR. 
1 Plane Table with tripod 
1 Transit Bar (ror raise surveying) 
1 100 ft., quarter inch Steel Tape on reel, Lurkin Co. 
1 K & E 200 rt. Steel Tape, on reel 
1 K & E 300 rt. Steel Tape, on reel 
1 Lufkin 200 ft. Steel Tape, on reel 
1 K & E 300 rt., quarter inch, etched Band Chain, No. 
7684D, end grad. K, with N.B.S. No. 4794 tension 
spring 
1 K & E 200ft., five-sixteenth inch, Invincible etched 
Band Chain, No. 7670C, with end grad. K 
2 K & E Instrument Plumb Bobs, No. 6481-8 
1 K & E Instrument Plumb Bobs, No. 6481-12 
3 Stanley Automatic Brass Plumb Bobs 
1 Heavy Iron Plumb Bob, no name plate 
1 Complete Set Numbered Steel Dies 
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1 Complete Set Lettered Steel Dies 
1 6-inch K & E Hand Level, No. N5702 
6 Sets Adjustable Brass Stencils, ~-inch to 1~-inch 
size 
1 K & E Survey Tape Repair Kit 
1 Survey Tape Repair Tool, Eyelet Tool Co. 
4 K & E Brunton Compasses 
1 Post Hole Digger 
2 Machetes 
3 Single Bitted Timber Axes 
2 Wire Reels ~or Shaft Plumbing 
1 Timber Scribe 
1 Single-~ack 
1 K & E Stadia Slide Rule, No. 4100 
1 K & E Planimeter, G. Coradi, Zurich, Switzerland, 
Serial No. 26214 
4 Long Rubber Slickers 
2 Pr. Rubber Hip Boots 
1 Stopwatch, "The Racer", Non-Magnetic, Serial No. 
854481 
1 K & E 5-Blade Anemometer, with leather carrying case, 
No. 27857 
1 K & E 10-Blade Anemometer, with leather carrying case, 
No. 39143 
1 Box Smoke Tube Apparatus 
1 Tycos Sling Psychrometer 
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1 Anemometer Suspension Rod 
1 12-inch Taylor Etched Stem Thermometer, Range 20 to 
120 degrees Fahrenheit, No. 1322-A 
1 Orsat Gas Analysis Set 
1 Shaw Blueprint Machine 
1 Black and White Direct Printing Process Developing 
Machine. 
1 Duophoto Photostat Machine, 110 Volts, Serial No. 7347 
1 18-Inch Paper Cutter with Auto Li~t Blade, Milton 
Bradley Co. 
1 K & E Pantograph, No. 1145 
1 Dietzgen Electric Erasing Machine 
1 Roberts Numbering Machine, Model 49, Serial No. 847225 
1 Monroe High Speed Adding Calculator 
1 Underwood Standard Typewriter, 20-Inch crarriage 
1 K & E Leroy Lettering Set with Templates 
1 Bates Stapler, No. 263549 
1 "Scout" Stapler, Model No. 202, Ace Fastener Corp., 
Chicago 
1 4-Drawer Steel Filing Cabinet 
1 Dexter No. 2 Pencil Sharpener 
1 Dexter Dra~tman•s Special Pencil Sharpener 
1 Glass topped Draftsman's Tracing Table (Made at Mine) 
1 42-Inch K & E T-Square, No. 1888 
1 36-Inch K & E T-Square, No. 1888 
1 30-Inch K & E T-Square~ No. 1888 
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1 42-Inch K & E Stainless Steel T-Square 
1 ~8-Inch Steel Straight-Edge 
1 36-Inch K & E Stainless Steel Straight-Edge 
1 K & E Lettering Triangle 
3 K & E 45• Triangles 
2 Braddock Instrument Co. Lettering Triangles 
1 Dietzgen French Curve 
1 18-Inch 30•-so• Triangle 
1 5" Celluloid Protractor 
1 K & E 5-Minute, 90• German Silver Protractor, 
No. 1253 
1 K & E 18-Inch Parallel Rulers, No. 1784 
1 K & EGerman Silver Beam Compass, No. 501 
2 Pr. 8-Inch Shears 
1 K & E 24-Inch Engineer's Scale 
5 K & E 12-Inch Engineer's Scales 
1 K & E 12-Inch Architect's Scale 
2 Flat, Beveled 12-Inch Celluloid Scales 
2 K & E Erasing Shields 
10 Penholders 
1 Rex Paper Punch 
4 IP Loose Lear, Class MD, Sectional Post Binders, 
Top Locking, No. 4760, Wilson ~ones Co. 
4 Geologists Picks 
1 Dustite Respirator, Style No. 55 
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CONCLUSION 
The ~oregoing examples o~ work per~ormed by members 
o~ the engineering department o~ the Sunshine mine are 
by no means exhaustive. Since most or the projects which 
have been described, have been completed within a period 
o~ about twenty-one months, it may be readily assumed 
that a complete resume o~ various types or engineering 
work ror a period or years would comprise a lengthy 
treatise. Yet the point is quite clear that the variety 
or tasks which have been rulrilled in even so brier a 
period as twenty-one months, constitutes su~ricient 
evidence that mining engineering involves the applica-
tion o~ many branches or science and mathematics. 
In some instances the logic, scienti~ic accuracy, 
and methods employed in the solution or problems might 
be debatable. This possibility is freely admitted ~or 
in the actual practice of engineering such aids as 
scienti~ic equipment, time, and opportunity tor research 
may be considerably limited by circumstances. Under such 
conditions good judgment, clear logic, and resourceful-
ness must come into play. In the rinal analysis the 
e~tectiveness or applied theory lies in accomplishment. 
In this respect it can be stated in all modesty that 
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the methods which have been employed have been satis-
factory by reason or the success or projects to which 
they were applied. 
In congruence with the purpose or this paper it 
should be stated that the reaction or most engineers 
toward previous college training is not one or condemna-
tion. On the contrary, many engineers have expressed 
the wish that they might have pursued their college work 
with greater enthusiasm because or the knowledge which 
was later demanded of them. Therefore, in conclusion 
it is the sincere wish or the writer that this resume 
or applied engineering may constitute a source of en-
couragement to the student engineer by convincing him 
that the scientiric and preparatory subjects which he 
now studies will some day be of appreciable value. 
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